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YOvacre 


Otis Edward Alley, born July 22, 1899, in 
Taunton, Massachusetts, the son of Frederick 4. and 
mar School 1913, and from Taunton High School 1917. 
After taking a post graduate course he entered 
Boston University and received the degree of S.B. in 
1924, and the degree of A.M. in 1926. During the years 
1924 to 1927 he was respectively teacher of science 
and head of the Science department of the Searles 
High School of Methuen, Massachusetts. From there 


he went to the Winthrop High School as head of the 
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Seience deps=rtment. After serving three years in 

that capacity he became head of the Science depart- 
ment in the Winchester High School. In 1930 he 

became Teaching Fellow in Physiological Chemistry 

at the Boston University School of Medicine and 
started his studies for the degree of Ph. D. In 1931 
he became Assistant in Chemistry in the Boston Uni- 
versity School of Medicine and ee Fellow in the 
Evans Memorial Hospital under the direction of Dr. 
Allen Winter Rowe. During this time he took graduate 
work at Harvard Medical School, and Boston University. 
He is the co-author, with Dr. B.S.Walker, of a paper 
"Detection of Traces of Carbon Monoxide in Ethylene." 


Journal of Anesthesia and Analgesia, 1929, 8, 4. 


9 
Also he assisted Drs. S. Hooker and W.C. Boyd in the 
publication of a o&per "Antigenic Property of Gelatine- 


diazo-arsenilic acid. Jour. Immunology, 1933, 24, 2. 


b 
Since the death of Dr. Rowe he has been continuing 
research work under the direction of Dr. Burnham 8, 


Walker, 
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Part 1 


Historical 


ao 


Early History of the Vitamins and Scurvy. 


Since earliest times man has known about diseases 
which we now know to be caused by deficiency in some 
respect in the diet. In fact, the oldest medical book 
known, the ek whieh dates 2697 B.C., describes 
some of these diseases with an eccuracy that comoares 
favorably with our scientific descriptions of today. 
During the time of OG rag 460-370 B.C., veovle 
thought that some universal nutrient substance was 
present in foods. According to a. a diet dis- 
ease affected the Roman army when it invaded Arabia 
in 24 B.C. He describes a large number of diseased 
army men wno orobebly had scurvy. They complained of 
pains in the legs, gum gangrene and loss of teeth. 
aR, states that the ancient Egyptians had dis- 
eased teeth which were probably due to the diet 
restricted to grains such as wheat or barley. This 
diet was lacking in vitamin C,. 

a, fone. ©. The Vitamins, 1922. 

2e McCollum, %.V., and Simmonds, N., Chemistry 
fa MeaGicine. 1929. 2nd Ed., 113. 

os indtey  Beriperi,’ Practitioner, 1917, 98, 69. 


4. Morse, W., Applied Biochemistry, Saunders Co., 
1925, 641-5. 
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During the Crusades apparently scurvy played 
an important part in deciding the outcome of many 
campaigns, Perera describes the disease very 
soon after the first Friday in Lent of 1250 as 
follows:"The host began to suffer very grievously... 
the flesh of our legs dried up, and the skin of our 
legs became spotted: black and earth colour like an 
old boot, and with us who had this sickness, the 
flesh of our gums putrified: nor could anyone escape 
from this sickness but he had to die. The sign of 
death was this, that when there was bleeding of the 
nose, then death was sure. The sickness began to 
increase in the host in such sort, and the dead flesh 
to grow upon the gums of our people, thet the barber 
surgeons had to renove the dead flesh in order that 
the people might masticate their food and swallow it. 
Great pity it was to hear the cry throughout the camp 
of the people whose dead flesh was being cut away, for 


they cried like women belabouring of child." 


1. Zinsser. Rats, Lice and History. Little, Brown, 
and Company, 1935, 157. 
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During the colonization period in northern 


America, scurvy was prevalent. In, fact, during 
the winter time many settlements such as the one 
at Hudson's Bay were abandoned because of this 


disease, while others in Canada and Newfoundlend 


were sorely threstened. 

In 1535 Adlai made his second voyage to 
Newfoundland with a crew of one hundred and three 
men. Soon the dreaded scurvy developed, and out of 
the entire crew only three escaped the disease, While 
twenty-six died. Cartier went ashore, made up an 
infusion of Pine needles, and administered it to 


the surviving men with such success that all of 


them recovered. 
Probably scurvy has been prevalent in the 


northern parts of Europe and Asia ever since thet 


land has been occupied by man. Since the early | 


people were uneducated and met the inhabitants 


of southern regions rarely, we have few, if any, of 


their records of the disease. 


1. McCollum, E.V., The Newer Knowledge of Nutrition, 
1923, 
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Claus Magnus however, describes the disease 


of scurvy among the soldiers of the northern 
nations, Ronsseus, Echtius, and eigeten also wrote 
treatises on the disease recommending treatment by 
diet. A little later, 1695, the Faculty of Medicine 
at Copenhagen published a "consilium" on scurvy 

to be used by the poor people of Denmark and other 
northern countries in combating this disease. 

Deacriaas. has described en epidemic of scurvy 
among the Swedes which killed five thousand men 
during the siege of Thorn in 1703, 

Scurvy is the first disesse to be associated 
with nutrition from a standpoint of etiology. 
rem an Austrian physician, found that in 1720 
almost the whole ermy was effected with an epidemic 
of scurvy. In spite of attempts at feeding dried 
herbs, and medical treatment, thousands died of 


5 
the disease. The following is teken from his book: 


1.Magnus, C., History of Northern Nations, 1555, 

2.Hess, A., Scurvy: Past and Present. 1920, 2. 

3.Bachstrom, Observationes circa Scorbutum, 1754, 

4.Kramer., Medicina Castrensis. 1720 

5.Funk, C., The Vitemines. 1922. Williams and 
Wilkins Company. 
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"Scurvy is a terrible disease for which there 
is no known cure. Medication does not help, neither 
does surgery. Be careful of bleeding: shun mercury 
as a poison, The gums may be massaged, the stiff joints 
may be rubbed with fat - but all in vain. If one could 
only have evailable a supply of green vegetables, or 
a sufficient amount of the vital antiscorbutic juices: 
or if one could heve at hand oranges, limes or lemons, 
or their preserved pulp or juice so that a lemonade 
could be made out of them: or administered as such 
in three or four ounce doses - then one could be in a 
position to cure this dreadful disease without other 
help.” 

Apparently Kremer's ideas: on scurvy were very 
modern, since we know today that medicine or surgery 
in the disease is useless, but that fresh fruits 


such as oranges, will not only prevent scurvy, but 


also cure it. 

William ores produced scurvy in himself 
by eating a diet composed only of bread and water. 
His second attemot in 1770 resulted in the production 
of scurvy, but he could not cure himself of the 


disease this time, and he died of scurvy . 


1. Iusk, G., Science of Nutrition. 1928. 4th Ed. 
501-508, 
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Barly ideas of nutrition. 


ne 
Richerand, (1813) said that an "aliment" is 


whetever substance that affords nutrition, but that 
however various our aliments may be, the substance 

we obtain from our aliments to incorporate with our 
own is always the same. 

In 1834 William Prout classified all organized 
bodies to be mede up of four fundamental substances, 
"The aque ous, the saccharine, the oleaginous, and 
the albuminous.” These are of course our modern water, 
sugars, fats, and eetai ne: 

A little later, 184323, “ooh Ag poms ar that 
other substances such as sommon salt were necessary 
for proser continuance of life. Furthermore, orange 
juice, the antiscorbutic food was necessary and 
could not be classified as one of Prout's four funda- 
mentel substances, 

In 1906 Hopkins stated that no animal can live 
on a mixture of pure protein, fat and carbohydrate 
even if inorganic material is also included in the 
diet, but that still other substances are required. 
1. Richerand, A., Elements of Physiology, 1813. 

2. Prout. Chemistry, Meteorology and The Function 
of Digestion. 
3. Pereira, J., A Treatise on Food and Diet. 1834, 


Ed. Lee and Langley. 
4. Hopkins, Jour. Chem. Ed., 1933. 10. 13-19. 
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1 
Berg states that the Germens are still dumbfound- 


ed at the revelation that there are nutritive substan- 
ces that cannot be included in the four fundamental 
classes. In 1905 Ekelof expressed the belief that the 
cause of disease following consumption of preserved 
foods was due to the generation of a poison in them. 
This idea supported by eter teks was that some 
valuable substances such as enzymes or antibodies 

were destroyed by the process of preservation. ee 
thought that the cause of scurvy did not lie in the 
absence of any special scorbutic factor, but rather 

to protein insufficiency. Pecdeek Seenken! considered 
scurvy to be dependent on the denaturing of food by 

5 which made it deficient in some respect. 
Garrod suggested the potassium deficiency theory as 
the explanation of the cause of scurvy. This was aban- 
doned slowly because experimental work failed to support 
it. The citric acid theory of Netter became popular 

1. Berg, R., Gresham Press, London, 1925. 

2. Ekelof, E., Hygiea, 1904, 1214. 

3. Schmidt-Nielson, 5., Hygiea, 1905, Feb. 

4, Rohmann, F., Allgem. med. Zenttalztgz, 1908, 9. 

> meevien, 5. DD. Arch. klin. Med., 1919, 130, 151. 

7 


- Garrod, A.B., Month. Jour. Med. Sci., 1848, 8, 457. 
. Netter, La Semaine Medicale, 1899, 8. 


ta [evet 


-* 


4 


< 


for a short time. Association of the antiscorbutic 
value of citrous fruits with the citric acid 
naturally lead to the felse belief of the necessity 
of this acid. In contrast to this theory was that of 
raat which stated the cause of scurvy as acidosis. 
These ideas, with many others, were gradually sifted 
out until at the present time no doubt remains in 
regard to the cause of scurvy, namely, vitamin C. 


deficiency. 


i. Wright, A.B., Lancet, London, 1908, 2, 285, 
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Scurvy at Sea. 


The long voyages st see during the sixteenth 
century provided an opportunity for scurvy to 
manifest itself in no uncertain manner. These trips 
were undertaken of course without ample supply of 
fresh vegetables or animal foods,and as a result, 
scurvy generally broke out after a few months at 
sea. 

It was also noticed that men on voyages start- 
ing in winter were more quickly attacked by the dis- 
ease than those who sterted in the summer months, 
This was probably due to the depletion of vitamin C 
in man during the winter, and excess in summer. 

Many of the men on land were verhaps on the verge of 
scurvy in the winter. 

According to Hess” the earliest account of 
scurvy at sea is that of Vasco de Gama in 1497 on 
the voyage around the Cape of Good Hope. Drake also 
described cases of scurvy. Lord Anson's expedition 
of 1740 failed because of scurvy. In four years eighty 
1. Hess, A.¥., Seurvy, 1920. 


2. Hawkins, Sir R., Voyage to the South Sea, 1593, 
Purchas's "Pilgrim," 4, 
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per cent of the original crew had died of this dis- 
ease. Ss states that he can give an account of 
his twenty yesrs on the ocean, during which time ten 
thousand seamen were destroyed by scurvy. In fact, it 
has been eStimated that up ete the time antiscor- 
butics were introduced at sea, more sailors have been 
killed by scurvy thah all the other causes pertaining 
fo sea life, including naval warfare, 

On his expedition into the antarctic IO a ee 


was able to protect the members of his crew from 


scurvy by the use of concentrated lemon juice and 


tablets of lemon juice. Opn the other hand, scurvy 
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ing in many deaths although substances were taken along 
which were supposed to be anti-scorbutic,. 

fn spite of diet preceutions the British were 
troubled with scurvy in ffidia during the World War, 
(1917-20). At that time the common antiscorbutic 
used was lime juice, and practicél experience, to- 
gether with actual analysis shows this particular 


1. Hawkins, Sir R., Voyage to the South Sea, 1593, 


appeered in Scott's expedition to the South Pole, result- 
Purchas's "Pilgrim", 4. 


| 2. Macklin, A.H., and Hussey, L.D.A., The Lancet, 
| 1922, 322. 
| 


Se 


3. Morse, W., Applied Biochemistry, Saunders Co., 
1925, 641. 
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Stefansson exverimented with diets in the 
north countries, and discovered that scurvy would 
not appear in men even over & period of yeers pro- 
vided raw mest and tissues such as liver and kidney 
were esten. There was a time when one of his men 
who refused to eat raw meat developed scurvy, but 
wes cured by esting raw meat. 

Doctor Kane avoided scurvy while on the arctic 
ship "Advance" by eating rats. Hither his companions 
could not bring themselves to eat the rets, or else 
they did not believe in the possible protection 
against scurvy, end as a result suffered or died 


from vitemin C deficiency. 


source to be unreliable. 
2. 


| 

| 

1. Stefansson, V., The Friendly Arctic, Macmillan 
Cosn,.1921. 
| 

| 


0 ee ee OF -Bo%058 
ae i toib dt iw, beensel toga beenatese 
bisgew spoe tadt bewervodal ) Sag (eeht hairdo aires ae 
~evo eve, em af reaqes JOR a 
~a@vif es, dose penéely Bie. esom nay habty | 
cane gio“ic. sha Meay said S 25h erent .tetse SToW 


iuG .ovvtpos: bedolsyab 28am Wes tte, of S8er7et on" 


Bem was sniteas yd feryooes? 


—— 
=. 


— 


yea ee 


Ps z 3 r t 
319 ots ee ‘2 6a 7S ~~ aevl cit Sie Siti 0a "ik fy BLOGS 
; 
yfoitseartorg ebaterod ti. evyeifed Jom Pit Yoee Ve 
al 
> r — ie . & a 
1S t¢ systitue tivesrt 38 eS pa TVIUOS. FEeRLeIa k 


i- 


= 


: te a‘ : ‘ pi 
a nsalflinos! .ottataA giimerxt eat 7. ,foasasiare <b 
r. | | o> SSE D aoe 


a 

= — a = = —————————— SS SS 
= : = ———— — = — 
> 


Ship-beriberi. 


Daring long voyages, or in war time when rations 
are limited, sometimes both vitamins 3 and C may be 
absent from the diet, resulting in a peculiar dis- 
ease called "ship-beriberi.™ This disease is charac- 
terized by symptoms of both beriberi and scurvy, 
such as numbness of the extvemities (beriberi) 
and bleeding of the gums (scurvy). In I87I oS 
described such cases occuring during the siege of 
Paris. Paceaert also observed a serious outbreak 
in German South Africa in which the death rate was 
three hundred per thousand. The German raider 
Kronprinz Wilhelm was interned in New York harbor 
during the World War. Nearly all the members of the 
crew had ship-beriberi while the officers did not, 
The officers had head fresh vegetables in their diet 
whereas the crew lived on frozen meat. In most cases 
the disease cleared up after fresh vegetables had 


been added to the diet. 


I.Delpech. Le scorbut pendant le siege de Paris. 

Ann. D' hyg. publ. et méd. 187I, 35. Janv. 

2. Scherer. Ueber Skorbut in Deutsch Sudwestafrika. 
St6h, £. Schiffs. Tropenhyg. 1913. I7, I9I. 
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Scurvy during the World War. 


Apparently scurvy was present during the World War 
as well as during other wars. A large number of cases 
were noted by Boerich at the Red Cross Central Sta- 
tion in Russia. Over one thousand cases were trested 
there. Hitt. reoorted many cases associated with night 
blindness (probably Zerophthalmia due to lack of vita- 
BMAP cite Wash AGderi bed Gases Ne thoueit wave 


transmitted by vermin. Other countries werg similarly 
4 
afflicted. Aschoff and Kock have written an excellent 


monograph on scurvy as it occurred in RKoumania. Wilt- 
5 


Shire observed over three thousand cases in the Serbian 
6 7 
army. Several other writers, Lobmeyer, Disque, and 
8 


Morawitz have called attention to many cases in Ger- 


man end Turkish troops. The older soldiers were the 


Peooeersen  b... Archiv. F. Elin. Med,, 1919, 150, FS1. 
2. Hift, R., Deutsch. Med. Woch., 1918, 44, 100. 
3. Much, H., Muench. Med. Woch., 1917, 64, 854. 
4, Aschoff, L., and Kock, W., Der Skorbut, Jena, 1919, 
Gustav Fisher. 
5. Wiltshire, H., Lancet, London, 1919, 2, 564. 
6. Lobmeyer, G., Deutsch. Med. Woch., 1918, 44, 557. 
7, oreque, be, Med. Klinik, 1918, 15, 10. 
8. Morawitz, P., Med. Woch., 1918, 65, 339. 
Der Skorbut und verwandte Krankheiten, Jahresb. 
f. aerztl. Fortbildung, Mar., 1919, 5. 
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ones most affected by scurvy according to Arneth. He 


believed the disease tio be due to the excessive use of 
dried foods. 

It seems that there were many more cases of scurvy 
among the peoples just mentioned than among either 
the British or American troops in Burope. In the case 
of the Colonial troops in Mesopotamia however, many 
eases occurred due to deficient rations. There during 
the summer of 1916, seven thousand five hundred men 
were lost in nineteen weeks as a result of scurvy. 

The French army in 1917 were seriously hampered 
by scurvy. esi gs discovered that ninety-five per 


cent of one group of eight hundred men had the disease. 


1. Arneth, Deutsch med. Woch., 1918, 44, 509. 
ea env rer, ©... Faris med. 1917-7, °S94. 
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Scurvy in the Guinea Pig. 
1 
Theobald Smith (1895) was the first to observe 

that scurvy could be produced in the guinea pig by 
limiting the diet to one of oats and bran. Little 
attention was given to this discovery until Holst 
and - eg did more work with guinea pigs on a 
diet of cereals and bread. They described the dis- 
ease in the pigs resulting from this diet as being 
analagous to scurvy in man, charécterized by loosen- 
ing of the teeth, bleeding of gums, general weakness, 
bone decalcification, and a peculier microscopic 
appearance of the bone marrow. further they found 
thet animels fed in addition to this diet fresh cab- 
bage, carrots, and other fresh vegetables did not 
develop scurvy, and animals that already had scurvy 
could be cured by simply adding fresh cabbage and 
carrots to the diet. This all proved rether conclus- 
ively that scurvy was caused by the absence of something 
in the ates. This work was confirmed in 1917 by Chick 
and Hume who studied the values of various food stuffs 
as a preventative for scurvy. They fed guinea pigs oats 
1.Smith, T., U.S. Dept. Agr. Bureau Animal Industry 

Ann. Report, 1895, 172. 


2. Holst and Froelich, Jour. Hyg., 1907, 7, 634. Zeit. 
f. Hyg., u. Infect-Krank., 1912, 72, l. 
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and bran, which hed been shown to produce scurvy 


in ebout three weeks. The food to be studied was 


added to the diet and the amount of protection from 


scurvy noted. The work of Chick and Hume was very 


importent for two reasons, 

1. It showed that the preventative method of 
measuring the enti-scurvy value of foods was better 
than the curative method when the animel was first 


allowed to contract scurvy end then is fed the food 


to be tested. They found that even when the value of 
the food is high that the return to normal from 
scurvy is very slow, and that it leeds to mech con- 
fusion as to the actual anti-scurvy value of the food. 
2. This work rather completely changed the ideas 
of Jackson and Sulea and McCollum and biths (1916). 
These workers had completed experiments which 
tended to show that the cause of scurvy was 4 bac- 
terial infection. In fact, Jackson and Moore had iso- 
lated a diplococcus from the tissues of pigs that had 
died from scurvy. bta ce also had supported the view 
that scurvy was bacterial in origin. He followed a 
large number of hospital cases of children. These 
1. Jackson and Moore, Jour. Infect. Dis., 1916, 14, 478. 


2. MeCollum and Pitz, W., Jour. Biol. Chem., 1915, 13,231. 
3. Hess, A.F., Am. Jour. Dis. Child., 1917, 15, 337. 
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children were fed milk whieh had been heated to differ- 
ent temperetures. The results seemed to indicate that the 
heating of the milk had little effect on the production 
of scurvy, but that the age of milk, and hence the bacter- 
ial eontent, was an important factor. Apparently the fun- 
damental reason which caused some workers to disband the 
diet concept of the cause of scurvy was the production 
of scurvy in animals and humans who had milk in their 
diet. Years ago milk had been considered to contain all 
the substances needed by man. The fact that the infant 
gets elong the first part of his life entirely on milk 
wes quoted as proof thet milk was a perfect food. Yor 
milk to cause scurvy because of a lack of some necessary 
constituent was unbelievable. In 1918 aus published 
an account of the production of scurvy in the guinea 
pig by veriation of the diet. He found that scurvy 
could be cured by adding to the diet orange juice, raw 
cébbage, or dried cabbége. tena has also shown similar 
effects except that his experiments indicate that dried 
vegetebles heve little value as & preventative against 
Scurvy. Hess also showed that the active factor in orange 
juice could be removed by elcohol extraction. 
1. GConen, Bs, and Mendel, L.B., Jour. Biol. Chem, 1918, 
$5, 425-453, 


2. Hess, A.Ll., and Unger, L.J., Jour. Biol. Chem, 1918, 
35, 479-486, 
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Scurvy in the Monkey. 
That the monkey is an animal which readily shows 
the effects of a vitamin © free diet has been shown 
by Hart and teccan ee On a diet of condensed milk, 
rice end bread, the monkey develops scurvy in two 
months, Conditions resembling infantile scurvy and 
adult scurvy were observed in young and adult mon- 
keys. Bone changes were observed especially. a 
and as confirmed Sheds exverimehts. Harden used 
&@ scurvy producing diet of three hundred grams of 
rice, five grams of butter, fifty grams of wheat germ 
and two grams of salt. The daily addition of two c.c. 
of orange juice to this diet vrotected the animels 
against scurvy, and further, the animals that devel- 
oved scurvy on the vitamin C free diet were cured by 


the daily administretion of orange juice. Harden also 


observed & pseudo-paralysis of the hind legs while 


teary, Carl. Vireh. Arch., 1912, 208, 367, 


2. Hart, C., and Lessing, Ferd. Enke. Stuttgart, 1913. 


3. Talbot, Todd and Peterson, Boston Med. and Surg. 
do5 1915, . 169, 252. 

4. Harden and Zilva, Biochem J., 1920, 14, 131. 

J.:Path. Bact., 1919, 22, 246. 
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Zilva and Still noticed a severehemorrhagic. edema ' 
S 
of the upper eye-lids. Howard investigated the 


mineral metabolism of monkeys with scurvy, and found 
that the salt losses were much less than had been noted 


in man. 


Dective. 5.8. and Still, G.F., Lane., 1, 1920, 
May 8, 1008 

2. Howard, C.P., and Ingvaldsen, F., Bul. Johns 
Hopkins Hospital, 1917, 28, 222. 
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Scurvy in the child. 


The first description in history of child 
scurvy is that of cutcdeah In 1669 he stated that 
in scurvy tumors appear on the gums, pains in the 
joints are experienced, palpitation of the heart, 
difficulty of breething efter exercise and in the 
absence of fever a concentration of urine occurs. 
He observed that scurvy often accompanied rickets 
while he thought the cause to be the "“inclemency 
of the air and climate where the child is educated." 
Little ettention was given Glisson's work however, 
since most workers thought the imvoortant thing to 
be rickets rather than scurvy. The point is emphasized 
by the fact that Moeller ‘ in 1859 described cases 
of rickets which were in reality scurvy. That is, 
all the spmptoms appeared to be those of scurvy 
rather than of rickets, although for some inexplic- 
able reason he found that lemon juice and fresh veg- 
etables were useless in treatment. 
1. Glisson, Treatise on Rickets, London, 1651. 
2. Moeller, Acute Rachitis, Koenigsberg. med. 
Jahrb., 1859, 1. 


3.Paelle von acuter Rachitis, Koenigsberg. med. 
Jahrb. , 1862, 3. 
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At times infant scurvy is still called "Die 


Moellersche Lrankheit." Immediately after Moeller's 

1 2 
work, other German writers such as Foerster , Bohn 
3 


and Steiner , supported the view that these infant 


cases were an acute form of rickets. There are many 
fairly recent German books which describe infant 

scurvy as rickets on the grounds that in these cases 
involvement of the gums is absent and that the ab- 


sence of this essential symptom rules out scurvy. 


1. Foerster, E., Ein Fall von acute Rachitis, Jahrb. 
f. Kinderheil&, 1868, 1, 144. 

2. Bohn, Acute Rachitis, Jahrb. F. Kinderheilk, 1868, 
r Nees 8 

3. Steiner, Kompendium der Kinderkrankheiten, Leipzig, 
1878, F.C.W. Vogel. 
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Effect of Heat on the Vitamin C Content of Milk. 


1 
Neumenn wes one of the first to observe the 


relation between hesting milk end the appearance of 
Scurvy in infants, The milk used had been pasteur- 
ized first at the farm where produced and then heat- 


ed again just before consumption. These results were 
B | 4 
confirmed by Meyer, Cheadle, and Heuber. Brachi 


found cases of scurvy resulting from the cooking of 
6 
milk, and the American Pediatric Society has report- 


ed hundreds of such cases, all of which were fed on 
7 

artificial foods, Hess found that scurvy results 

in children if the milk used in feeding is heated 


fe) 
to 145 F for thirty minutes. 


1. Neumann, H., Deutsch. Klin., 1904, 7, 341. 

2. Meyer, 4., Kjpbenhaven, 1901. 

3. Cheadle, W.B., and Poynton, F.J., System of 
Medicine, Allbutt-Rolleston, 1909, 5, 898. 

4, Heubner, 0.D., Berl. klin. W., 1903, 40, 285. 

&. Brechi and Carr, Lane., 1911, 662. 

6. Amer. Pediatric Soc., Arch. of Pediatrics, 
1898, 15, 481. 

7. Hess, A.F., and Fish, M., Amer. J. Dis. 

Children, 1914, 8, 386. 
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1 
On the other hand, Sittler showed thet scurvy 


would not result from the warming of milk on 
2 


the water bath, for five minutes. Epstein has 
reported cases caused by feeding milk which had 

been heated several times. Another factor entering 
into his cases was = absence of fresh fruits 

from the diet. Bendix has recorded a case of scurvy 
resulting from a diet of cow's milk mixed with a flour 
food. This case was cured by the administration of 
raw milk. The conclusion wes made that the carbohy- 
drate acted unfavorably and perhaps hastened the 


symptoms of scurvy. Another explana tion may be that 


the milk varied in vitamin C content, 


a, signler, 4. fF, soe. Med., 1909, 4, 1. 
2. Epstein, A., J. F. Kinderh., 1918, 88, 237. 
g, Bendix, D., Med. W., 1912, 38, 242. 
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Infentile scurvy occurs most frequently in 


cases of bottle-fed babies.As a rule the milk is 


boiled to srotect the child against possible bac- 
terial infection but during this process (as I 
shall later show) the vitamin C which is present 
only in small amounts at best is grestly or even 


entirely lost. After a time the baby grows pale 


and fretful. !ts appetite disappears, it refuses 
to eat and consequently loses weight. Tenderness 
of the joints or extremities may be present and 
sometimes hemorrhage of the gums. In some cases 
the only apparent symptom is fever. This condit- 


ion is sometimes referred to as "latent scurvy" 


and is also celled "Barlow's disease." As the 
diseese progresses it is obvious that the child's 
resistance to infections will probably become 


less. Sudden <nd profound improvement results from 


administration of orange 


and tomato juice. Without 


doubt latent scurvy is fsirly common and is not 


recognized at all unless it reaches a dangerous 


stage and a physician is called. 


[It is interesting to note thet scurvy gener- 


ally appears in the infant between the ages of six 
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to nine months. Rohmer has shown that vitamin 


€ is excreted in the urine of an infant during 

the first six months of life but not after that 
period. This fact would seem to indicate that 

the infant is born with a supply of vitamin C 
which is gradually used up until at the end of 

six months it no longer has an Soe the vita- 
Min, so that unless the supply is replenished 


from some outside source, scurvy is imminent. 


I, Rohmer, P. Nature 1934.134, 142-3. 
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Symptoms of Scurvy. 


The disease develops slowly. Commonly the gums 
become swollen and bleed easily. Mouth infections result 
and at times the teeth become so loose as to fall out. 
The skin becomes pale. Large blue-black spots may ap- 
pear following injury or without apparent reason. Some- i! 
times there are regions of very hard, stiff skin and 
subcutaneous tissue. The patient becomes weak, loses 
weight, develovs anemia, swollen ankles, and hemorrhages 
of the mucous membranes. 

As the disease progresses nervous symptoms appear 
including headache and delirium. Convulsions avpear 
in the final stages. In the cese of the very young 
infant, fretfujness, loss of weight and fever may be 


the only symptoms. Very little is said in the early 


literature about scurvy in infents. The reason for this 
is probably that the infant fed on a diet other than 
mother's milk died before it had a chance to develop 
scurvy. It was not until 1894 that hie: described 

@ combination of scurvy end rickets. This paper is 


one of the early descriptions of scurvy in infants, 


1. Barlow, Sir Thomas, Brit. Med. Jour., 1894, Nov. 


alba? 


ol 


-~ 


oeek VOLTS8a TSAsZ 
stu & “ia au oe: + = 
2 “ts ; fwerernc 3 
=) xf i” PANVS r9 Bi 
t ‘S x 
et SOL 4 aXHOL (650 


» as 
oy Noo 7 S ve 
amis eit yloomiod .ylwole eqofeveb seapels edit 
i €Notsoatoi aigom ,yliess Sseld bas ferfows euoagt 
so ifgsi of ss seool oe snoosd dtesd 
13. ysm etoce tosfd-serld euxrad .sfs 
G ~AGe8sSst thetsqas tryodtiw ro yty 
xs. niAe Tiite bred yrev to ano: 
2ss0f ,NSew @emcosd tnsiveq soit .s 
evtomed bre esfine neffowe ,2imens ago Leyes tts 
98 eso oLm ont 
z) eine IYa Brower SY20% 
899 iuviod .iekrifeb fas 
“af } ig to seen sdt oc] as 
oo USM Isvet his tdstew to eecfl ea onfuktert teat 
Lit8e sit oi BFee ei oltstir Ute eno tqnge ino edé 
foi Hoeset edt .atns tnd ot vvtses trode otuderea Et 
iSavy tedto te -#} £9 Sst terete? eft fads eis ab 
GoLeveb ot eorieto’s pad $} etoted 


Taitorsbh ¢ 


_~ 


vite 


Pathology of Scurvy. 


At atutopsy the subcutaneous tissue is found to 
be infiltrated with a bloody fluid. There are 
hemorrhages in the periosteum including such bones 
as the jaw end tibia. Very rarely are there hemorrhages 
in the muscles themselves. "Beading” or "rosary" of 
the ribs is often observed which is something like 
that occurring in rickets. There sare bone fractures, 
disavpesrance of the osteoblasts and in the case of 
infants there is degeneration of the bone marrow re- 
sulting in improper bone formation. Accumulation of 
fat is often found resulting in fatty degeneration of 
the heart muscles. There are also specific changes 
of tooth structure. These changes will be dealt with 


in some detail later in this paper. 
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Barly attempts at the isolation of vitamin C. 


One of the first attempts to isolate vitamin C 
was mede by Agopian in 1921. This was done by pre- 
cipitating the substance from fruit juices with heavy 
metals. its substance contained nitrogen but in 1925 
Bezssonoff isolated a substance which contained no 
nitrogen. The non-nitrogen containing substance pro- 
tected guinea pigs from scurvy when given in doses of 
2mg. daily. Bezssonoff was not sure of the analysis 
of this compound but thought it to be an ortho di- 
phenol derivative or a glucoside. In the light of 
latér work it apvears that he may have been working 
with a solution containing fairly pure vitamin C. 

The rather important work of Szent-Gyorgyi 
should be mentioned. He examined various oxidizing 
systems of plants and animals and finally the peroxidase 
system with the idea of determining the function of 
the interrenal system. As a result of these investi 
g8tions he isolated a strongly reducing substance from 
be Routh 1. Bs; Jour. Chem Ed., 1935; 10, 1. 
&. Bezssonoff, Compt. rend., 1925, 180, 970. 


3. Szent-Gyorgyi, Jour. Biol. Chem., 1931, 90, 
385-91. Biochem. Jour., 1928, 22, 1408. 


mative Yo notte foet eat ts etupetées vires 


a I af - % Ds = oh 2 . 5 ¢ ~ L, of * 
AVL IV EW gout dist? sort. soustedre eks soists 
2A H § ITU itp 6 Py 1 DeT (rez ? edi steq: 3 attr ace 7 
; hy 
r - a ee > 
Cn Beitetaos dobaw sone th 488 8 bhetaiosnt [ro toedseg a 
' ae 
he EE a 7 . a j 
-OFd So ct Ok SAILS STNOO Masord teri eft -No2notd baw m-) 
S wv J 
‘Pos ys 
© 89805 oF sevig asdw yyxyoe mott 2475 Senivs befoge = 
eleyiene att to etme tor SaW <'OnSeeTed iv fiss 
~ Ofdt0 ne od o¢- tf +2 ont tod Eationmoy # 
*. Fa + ~ tf’ « ob Z 
Q8ii O89 wi .ebicoos 3 19 svivsviteh fonede 
Mi atow Nes’ gvan year ed ted 1wS8MKCeR Ti Pro 
/ ifmtedtivy ares ef + ont ISTMOO fo fos los 
a Ail F) S ia = Be 3-4 242 2 230 LES au dy “4 
* ses 
[YstToyVatnete te. sirow bas irogml rsctex 
ig 5 Cr. Baden + peed ~ ) Be edi - "owe yf 7 
gH IRI OLX evoitey Hekinexs ok «bao vin “ao hivede 
’ ¥ 
~ - Cen Bes 4 ¢ ow oF ‘ 
iO le Tec iv Vitel 503) 3 Laaie fos ine ig. t+ Gis Jaye 
. - Yvess 2, Bile Siiiinvreteb 10% 885 I -arig ea LY, TE eae 
ae 
t — a i oe . 2 feo al ; i. a rc 
seevel seat} to JiSSO TS Oh sino faye fsustredad edt 


iwiedgea- aulowBor. »atoite 8 Setafoel sa ee! a) 
ah OE eer - bG. eH” ocr0t Pe Fe | 
OV OBr -eaer _ baer -TQM00  Stomocek: 
OS, FSCS , ond LE Fe": THO .itetou)-ines 


CULL (85 BSL » tH0b smeslaord te 


the adrenal cortex which he called hexuronic acid 
because he thought it was similésr to glycuronic acid. 
This same substance he also isolated from oranges and 
cabbeges, in small amounts although he was unable to 
isolate it on a large scale. He concluded the function 
of hexuronic acid to be that of a catalytic hydrogen 
carrier between the peroxidase and other oxidizing, 
or reducing systems in plant and animal life. The 
formula of hexuronic acid was found to be C,.H,0¢. 

ai isolated hexuronic ecid from orange 
juice by precipitation with lead acetate from a 
solution containing the juice with emmonia and sodium 
cyenide. The precipitate is decomposed with sulphuric 
acid, reprecipiteted with hot lead acetate from alco- 
hol solution. Sulphuric acid is again added and fluid 
reduced in vacuo. Methyl alcohol is used to dissolve 
the crude product and ether added to precipitate the 
vitamin.This last vrocess is reveated several times. 


3,4 
Unfortunately Rygh was much opposed to the 


idea that hexuronic acid had any strong connection 
with vitamin C, He said that the active constituent 
of vitamin © was independent of any reducing substance 


l. Szent-Gyorgyi, Jour. Biol. Chem., 1931, 90, 385-91. 

2. Szent-Gyorgyi, Biochem, Jour., 1928, 22, 1347-1409. 

3. Rygh, Rygh, and Laland, Z. physiol. Chem., 1931;32, 
204, 105-il. 

4. Rygh and Rygh, Z physiol. Chem., 1931-32, 204, 

114-22. 
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and that the hexuronic acid must be present there- 
fore only as an impurity. Apparently this discouraged 
the idea of hexuronic acid being identical with 


vitamin C, because it was not until Tillmans, Hirsch 


and Dick in 1932 again pointed out the possible 

identity of the two substances in question that Szent- 
ee ra 

Gyorgyi further examined hexuronic acid by feeding it 


to guinea vigs. He found that it protected the animals 


from scurvy and that it cured induced scurvy, even if 
vitamin C containing substances other than hexsuronic 
acid were withheld from the diet. Derivatives of 
hexuronic acid were made, then reverted back to the 
original substance and again tested with guinea pigs. 
In each cese the substance was found to be escorbic 
acid, and these facts preculded any possibility of 
vitemin C being present with hexuronic acid as an im- 
purity. As a result of this work, Szent-Gyorgyi chang- 
ed the name from hexuronic acid to ascorbic acid, and 


this latter name is now universally used. 


1. Tillmans, Hirsch, and Dick, Biochem. Jour., 1933, 
ET SO Le wn 

2. Szent-Gyorgyi and Svirbely, Nature, 1932, 129, 
690. 9 and 3. 


5 
At about this time Kygh. attempted to make a 


Systematic study of orange juice concentrate in 
order to determine once and for all the nature 
of the active principle. He finally isolated 

@ nitrogen containing substance which he called 
"nor-narecotine" and which he believed to be the 
real vitamin C, The formla of his vitamin is 


indicated below. 


CHe 
CH 
ie 7 2 
EN 
cHz0 fF 
cH | 
(ofe) 
H 
: OH 


I. Rygh. Z physiol. chem., 1932, 204, I05-II 
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During the pest two years about twenty different 
investigsetors (some of whom sre listed below) have 
{ 
| 


attemoted to repeat the work of Rygh. The bulk of 


this work hes been on the "alleged" anti-scorbutic 


activity of methylnornarcotine, narcotine, and its 
derivatives end mixtures of these substances. The | 
conclusions thet most of these workers reach is that ! 
vitamin C has no nitrogen, and thet methylnornarcotine 
has no anti-scorbutic powers. On the other hand, the : 
substance discovered by Szent-Gyorgyi has been investi- 
gated thoroughly, and the majority of workers confirmed 

his results. Waugh and ae in 1932 isolated and 


identified vitamin C, finding it to be identical with 


ee 9 
the hexuronic acid of Szent-Gyorgyi. Hirst and Zilve 


reach the same conclusion. Almost immediately the 


world of science recognized the work of Szent-Gyorgyi 


1. Dann, Wm. J., Biochem. Jour., 1933, 27, 220-4, Nature, 
131, 24-5, 1933. 

2. Demole, V., Physiol. Chem, 1933, 217, 83-8. 

3. Pavolotzkaya, K.L., Bull. Applied Botany Genetics 
Plent Breeding (U.S.S.R.), 1934, Suppl. 67, 165-9. 

4. Reschke, J.%2., Physiol. Chem, 1933, 215, 164-6. 

5. Smith and Zilva, Chem. and Ind., 1932, 51, 166. 

6. Spur, B., 4. Vitamin forschung, 1934, 3, 27-37. 

7. Widmark, E.M.P., and Glimstedt, G., Z. Physiol. Chem., 
(19323, 215, 147-50. 

8. Waugh, W.A., and King, C.G., Jour. Biol. Chem., 1932, 
OF. (S26% 

9.Hirst, E.L., and Zilwa, S.5., Biochem. Jour., 1933, 
ev.-@. LE7L. 
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to be fundamental. To him is given the credit of 


discovering the long sought after vitamin so that 


now vitamin © is known univerally as ascorbic acid. 
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Structure of Ascorbic Acid. 


Vitamin C reacted with Feel. produces the typical 
blue color which is characteristic of enols. 
Oxidation of vitamin C with ae? at room temperature 
produces HeC,0, showing that there is a CO group ad- 
jacent to the COOH group. Oxidation with °b(0 Ac), in 
glacial A,OH did not produce CH,0 and hence there are 
not two free alcéhol groups at the ends of the chain, 
Tritylescorbie scid has been prepsred aie by 


action of 5 ce. of pyridine in which was dissolved 


1g. of ascorbic acid and 1/4 g. of Ph,C Cl. Vitamin 


‘C contains a primery group, is not an aldehyde, and 
z 


has the CO group as a ketone. According to Haworth 
and others, ascorbic acid exists in two forms as 
follows: 


| p-co 
1. CH,OH-CHOH~{_¢o_cHOH 
H 


zo=80 

re sicher 
| OH 

OH 


te Verena I... Nature, 1953, 31. 
2. Haworth, W.N., Jour Chem. Soc., 1934, 18. 


» 
t 
ae i 
’ 
| oe 
e- 
a r COT ~ tid Y srimati¢g tc oo: tabixze 
. é of 
~%) . $f it tad vooa ,Q.94H esouborg 
: +S 
= : . i Me 4 y aY ¢ Ti99B | 
rt ~* i i +s j er i re wry fy eine am 
: 4 fetosis 
‘ ; r bn f es et or 
f a } : AG a é t ¥: OLGS J Sstl. owes vo 
| 
rd c 18 i Bios sidrocaesivgizrt 
: i oo vec _ ipo itor 
5. f > a oo s . 
- - w f * " 
. mA nyt de HOt TSH L1 £ MiS#tioo vv 
| . + > ‘oe v uf a « 4 
= 4 * =i 4 ia we eat 8a 
wf 7 . ~ “ 4 ¢ pl & 
e 44 3 OLTTOSBS (etsavo Dis 
-ewollot 
. Ar 
Se ae m a wages 
HOHO.DO.5-hOHU-HGLEHS. If 
8 
An 
daaiied 
i | y HOES fH. wh) 
~BVEwv= SUSi aa 
a : ‘ 
+ ofr - = 
| i 
| EO ! 
oe, 
Bu ’ 
u 
eo. Bpoar ~*~. avert a tt T ' r 
LS. Bae exipies ,.I ,sdgreV.. 
{ : r AS A - r v wr 7 - Cs 
| 6f peel qe. W. dtrowsk 
ay | 
if | 
a | 
|) > 
1 a 


42 


The second form is the enol form which can 


be oxidized to the following product. 


0 - CO 
CH,OH-CHOH - © 
| i 
H” Go - co 


The ease with which ascorbic acid is oxidized 
is one of the outstanding properties of this sub- 
stance. In fact, according to seas wecowmett aus 
reducing powers of ascorbic acid will be ™ sans 
seconde parmi les substances composees seulement 
de C, H, et O." It will reduce silver nitrate in 
acid neutral or alkaline solution in the derk. 
Furthermore, it reduces Fehlings solution, potass- 
ium permanganste, and 2-6 dichlorophenol-indophenol. 

P. Karrer, EF, Schopp, and F. sie wane 
Me MgI on the lactone formla of acetonedimethyl- 


ascorbic acid which resulted in the introduction 


I, Szent-Gyorgyi, V. L'Acid Ascorbique 

‘Bulletin, Soc, Chim, Biol., 1933, 25 

2. Karrer, P., Schopp, K, and Zehnder, F. 
Helv. Chim. Acta,, 1933, I6, II6I-3. 
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of two Me and 2 OH groups. This evidence is against 


the furane formula which would take on one Me and 


one OH group. 


Synthesis of Ascorbic Acid. 


Ascorbic acii has been synthesized recently 
I 


by Haworth, Sirst and others , In generel their 
method was to resct xylosone with potassium 
eyenide in & water solution of calcium chloride. 
Nitrogen was pessed through the solution result- 
ing in the addition of HCN and the evolution of 


ammonia. 


The calcium was precipitated with oxalate, 
the resulting syrup concentréted under co. and 
extracted with ethyl alcohol. 

The G-keto-nitrile above hydrolizes almost 


immedistely to theQ -keto-acid. 


I. Ault, R.G. and others. Jour. Chem, Soc. ,1953 


352, 1419-1423. 


CH (O04). CH(OH). CH(OH). CO, CH(OH). CN 
z 
HOH 


This § -keto acid is referred to sal egrae or hie 


acid Since it is not true ascorbic acid. This 


¥ -ascorbic scid was trested with eight per cent 


hydrochloric scid twenty-six hours under carbon 
dioxide, acid nearly all removed, the syrup 
concentrated and extracted several times. After 
Several concentrstions, ether was added, produc- 
ing turbidity. The final solution when concentra- 
fed gave a colorless crystelline mass of ascorbic 
acid. 

This synthetic product has been tested biologi- 
cally (guinea pig method) by Heworth, Hirst and 


I 
Zilva.and found to have the same degree of 


I, Haworth, W.N., Jour, Chem. Soc., 1954 


249, [T55-1T56, 


ee 


. 


anti-scorbutic potency as the natural product. 
This seems to be very strong evidence in favor 
of the following: 

(1) the synthesis of ascorbic acid 

(2) the formla resulting from this synthesis 


as shown ebove, 


Equetion for the reaction of W -ascorbie acid 
to vitamin C (ascorbic acid). 
CH.°90 
ro B. 


CH(OH)-CHe OH 
\ jf 008 
C=C 


po 
HO O#8 


CH20H ¥ 0 


i. 


C 

| 

c=C 
/ 

HO OH 


CH( OH) *CH 0) 
\ 


Vitamin C (ascorbic acid). 
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Synthesis of d- and 1- ascorbic acid by 
I 
Reichstein, T., and others. 
d-Xylosone was prepared from d-Xylose. This 


in turn was treated with HCN and then hydrolized 


with H Cl. The vitamin wes precipitated as the 
lead salt. This compound was recrystallized until 
the melting point reached 185-9°C ana [a] 27= -80°. 
In a similar manner l-ascorbic acid was ne a from 
1-Xylose producing a substance with a melting point 
of 187-9°C, 

A mixture of the d- and 1- forms prevented 
scurvy but the d-form had only about one fourth 


the power. 


I, Reichstein, T., Grussner, A., and Oppenauer, R. 


Helv. Chem. Acta. 1933, 16. 
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Isomers and homologues of ascorbic acid. 


Several isomers and homologues of ascorbic acid 
have been prepared by eeiebbtoin. and studied by 
hie: The lactone formulas of d-Erythro-3- 
ketohexonic acid and 1-Erythro-3-ketohexonic acid 


have been fairly well established by them. 


d-Erythro-3-ketohexonic acid. 


H H 
| 


H 4 
OMe ke 
H OH [| 0 OF 
+0 


1-Erytho-3-ketohexonic acid, 


d-Erythro-23-ketohexonic acid was found to 
have a slight ascorbic action but l-erythro- 


S-ketohexonic acid hed none. 


I, Reichstein and GrufSsner, 1934 . 
Helv. Chim, Acta. I7, 3II. 
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The following compounds had no ascorbic pro- 
perties at least in amounts up to twenty me. per 
day. 

d-Lyxo-3-ketoheptonic acid. 


2. Demole, Victor. Biochem. Jour. 1934, 28, 772. 
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Recent developments in the occurrence of vitamin 


C and its use in the treatment of scurvy. 


In recent years vitamin C has been found in 


foods and organs little suspected as a source 
ui Pa 
Bessey and King, 


previously. Gough and Zilva, 


end others listed below have investigated the dis- 
tribution of vitemin © in various animals and man, 


While it is fairly widespread, it occurs in high 
3-7. 
concentration in the adrenals and pituitary. 


Citrous fruits, of course, have long been recognized 
as a potent source of the vitamin and recent anelysis 
confirms this. Other fruits and vegetables, however, 
have been found to contain vitamin C in fairly high 


concentration. 


1. Gough, J., and Zilva, S.S., Biochem. Jour., 1933, 
on, 4 1279. 

2. Bessey, 0. A., and King, ©.G., J. Biol. Chem., 
1933, 1035, 687. 

3. Gough, J., Lancet, 1934, 1, 1279-31. 

4. Euler, H., Arkiv. Kemi. Mineral. Geol. 193%, 11 B, 
No. 18, 6. 

5. Giroud, A., and Leblond, Compt. rend. soc. biol., 

1934, 115, 705-6. 

6. Galvas, P., and Cardoso, D., Compt. rend. soc. biol., 
1934, 115, 350-2. 

» 7. Phillips, P., and Stare, F., J. Biol. Chem, 1934, : 

104, 351-8. 
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Peppers and iris leaves seem to represent perhaps, 


the most concentreted sources of the vitamin. 


1. Szent-Gyorgyi, A., Biochem. Jour., 1928, 22, 1387. 

2. Banga, [T., and Szent-Gyorgyi, A., Biochem, Jour. 
1934, 28, 1625, 1628. 

3. Baumann, E.J., and Metzger, N., Proc. Soc. Exptl. 

Biol. Med., 1933, 30, 1268-72. 
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Other new sources are the black currant and 
1-3 4 5 6 
raspberry, the grave, tea, tomatoes, and 
7 


various fodder olants. The vitamin has been iso- 
8-11 
lated by several investigators and synthesized 
12 13. 
by Ault and Reichstein. 


1. Gothlin, G.F., Acta. med. Seand., 1933, Suppl. 
55,1120, 52° charts. 

2. Shelesnii, G.P., and Kanevska, E.S., Problems 
injpNatrition;, {0.5.8.Rs) 2,¢1953, Wes 45; 21-3. 

3. Ivanov, N.N. and Bukin, V.N., Bull. Applied 
Botany, Genetics Plant Breeding(U.S.S.R.), 1933, 
series A, No. 8., 95-111. 

4. Johannissian, A., and Buniatian, H., Bull. inst. 
S61.,.Ge005, Armenie, 1931, 221-4. 

5. Minra, M., and Tsujimura, Sci. Papers inst. Phys. 
Chem. Research (Tokyo), 1933, 20, 129-44. 

6. Daggs, R.G., and Eaton, A.G., Ind. Eng. Chen., 
1934, 26, 242-5, 

7. Virtanen, A.I., Lundmark, E., and Peltola, E., 
Acta. Chem. Fennica, 1932, 5 B, 45-6. 

8. Baumann, E.J., and Metzger, N., Proc. Soc. Exptl. 
Biol. Med., 1933, 30, 1268-72. 

9. Szent-Gyorgyi, A., Biochem. Jour., 1928, 22, 1387. 

10. Banga, I., and Szent-Gyorgyi, Biochem. Jour., 
1934, 28, 1625-1628. 

11. Matsuoka, T., J. Agr. Chem. Soc. Japan, 1933, 9, 
$11=15. 

12.Ault, R.G., Jour. Chem. Soc., 1933, 1419-1423, 

13. Reichstein, T., Grussner, A., and Oppenauer, R., 
Helv. Chim. Acta., 1933, 16, 561-5. 
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Gothlin and Falk have determined the vitamin C 


requirements of man by the use of a skin capillary 
resistance method. Their results indicate that 0.7- 
1.0 c.c. of orange juice daily per kilogram of body 
weight is sufficient to prevent the onset of scurvy. 

Dann , working with guinea pigs found that the 
vitamin C requirement is directly proportional to 
the body weight and is one c.c. of lemon juice per 
100 gm weight. 

4 5 

Goettsch's and Eddy's results are partially 

confirmed by the@figures but Gothlin found that the 


growing child required an amount of vitamin C greater 


in proportion to his body weight than did the adult. 


ly G@ethlin, ¢.F.o, Skan, Areh, F. Physiol. , 1931, 
61, 225 os 

2. Falk, G., Gedda, K.0., and Gothlin, G.F. ,Skan. 
Arch. f. Physiol., 1932-1933, 65, 24. 

3. Dann, M., and Cowgill, G.R., Jour. Nutrition, 
1995, 9, §07%, 

4. Goettsch, M., and Key, K.M., Quart. J. Pharmacy 
and Allied Sci., 1928, 1, 168. 

5. Eddy, W.H., Am. Jour. Public Health, 1929, 19, 
1309. 


The use of substances containing vitamin C 
such as citrous fruits has been mentioned before 
in this paper. Pure vitamin C is now being used 
in pana in different parts of the world. 
Brugsch reports the cure of a case of infantile 
scurvy by the administretion of 0.03 grams of 
ascorbic acid per day. tae describes cases of 
adult scurvy cured by 40 mg. per day. ah A and 
i, have injected the vitamin intravenously 
(40-50 mg.) resulting in rapid recoveries. In some 
cases the temperature drooped on the second day of 
treatment. cited gave 20-25 mg. of ascorbic acid 
daily to newborn infants and found development to 
be accelerated. Premature infants were able to 
tolerate 10-15 mg. per day. A case of Moeller- 
Barlow's disease treated by eck: recovered 


completely in three weeks by the administration of 


1. Brugsch, H., Deut. med. Woch., 1934, No. 32, p.1202. 


Ee Wright, I.5., Proc. Soc. Exp. Biol. Med., 1934, 
52, 475. 


3. Bauke, E.%., Munch med. Woch., 1934, No. 32, Aug. 


10, 1934, 
4. Schultzer, P., Lancet, 1933, 11, 589-90. 
5. Kramar, E., Deut. med. Woch. 59: 1428, Sept. 15, 


1933. Abstracted in J.A.M.A. Nov. 25, 1933, p. 1764. 


6. Neumann, U., Deut. med. Woch., Aug. 10, 1934, p. 
1204. 
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0.02 g. ver day. Mettier, Minot and Townsend have 


found that vitamin C has a specific effect in the 
bone marrow of a patient with scurvy. Also interest- 
ing results of improvement in tuberculosis cases 
by oe tite of vitamin C have been reported by 
Robertson. Hemorrhagic diatheses have been treated 
with ascorbic acid by Boger. It is believed that 
possibly the permeqgbility of the capillary walls 
may be altered by the vitamin. The coagulation time 
of the blood is also decreased enormously and the 
phasma albumin increased, 

It would seem from the number of cases already 
reported in so short eae time that the treatment of 
scurvy and some other diseases with pure ascorbic 


acid is rapidly coming into use. 


1. Mettier, S.R., Minot, G.R., and Townsend, W.C., 
Gok. Wk. 1950, 95, 15, Oct. 11. 

2. Robertson, £.C., Mggicine, 1934, 13, 123-206, 

3.Bozer, A., and Schroder, H., Klin. Woch., 1934, 
Now 23, p. 942. 
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Part 2 


Experimental 


In the experimental part the idea of the author 


was to investigate first various tests and methods for 


the anélysis of vitamin © which ere found in the litera- 


ture with the view of determining the ones most effect- 


ive. Especial attention was to be given pure chemical 
tests as compared to the so called "biologicel assay." 
Then these tests were to be used in the investigations 
on the rat. During the course of these investigations 
it was also thought that improvement of known methods 
might be discovered since the field is, from a stand- 
point of pure chemistry, comparatively new. One of the 
first substances to be investigated was the well known 
methylene blue. Euler and Sire a studied the re- 
duction of methylene blue by organs containing vitamin 
C, A little later Martini and Dovdindios: davaroese 
this test into a quantitative method for the determin- 
ation of vitamin C in tissues and fruit juices, After 
experimenting with various methods the author found 
the following tio be good: 
1. Euler, H., and Malin, M., Arkiv. Kemi. Mineral. 
Gee), 1955. 11. 9. 


2. Martini, E., and Bonsignore, A., Boll. Soc. Ital. 
Biol. Sper. , 1934, a 388-9 
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1. Method of Martini end Bonsignore. 
2 


2. Method of Tndophenols. 


The method of Martini and Bonsignore was used by 
the author in the anelysis of fruits and tissues. The 
principle of the method as outlined by these investigat- 
ors depends on the utilization of the reducing proverty 
of ascorbic ecid. Aoparently, one mole of methylene blue 
is reduced by one mole of ascorbic acid in the vresence 
of sodium bicarbonate, sodium citrate, end sodium thio- 
sulphate. Under these conditions methylene blue reduces 
with difficulty end this fact is an advantage in the 
analysis of vitamin C, beceuse it eliminates the possibil- 
ity of reduction of the dye by other substances. According 
to Martini and Bonsignore, reducing substances such as 
glutathione and cysteine heave no effect on the dye under 
the conditions of the test. The author has found thst 
glucose, sucrose, lactose, tannic acid, pyrogallol, 
end cysteine do not sffect the dye under the conditions 
of the test enough to produce an appreciable error. 


The author also modified the methylene blive method somewhat. 


1. Martini, E., and Bonsignore, A., Boll. Soc. Ital. 
Biel. Sper., 1934, 9. 

2. Tillmans, J., Z. Untersuch. Lebensmittel., 1932, 
63,15 
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The method of Martini differs from that of the 
author in several respects. Martini standardizes 
the methylene blue by comparison of ascorbic acid 
or lemon juice with a 0.005yW iodine solution while 
the author standardizes the methylene blue directly 
against pure ascorbic acid. The end point is deter- 
mined by Martini by matching the unknown with a 
control. This control is made by mixing 0.2 c.c. of 
methylene blue (1:10,000) with 8 e.c. of water. The 
author found tisk e Sherper end point could be 
reached if 0.3 c.c. of methylene blue were used 
instead of 0.2 c.c. Also instead of using water the 
reagents citrate, bicarbonate, thiosulphate and 
trichloracetic acid were used and in this way similar 
conditions were produced in the control to those in 
the unknown. Difficulty was experienced in matching 
the final colors. This is affected by the diameter of 
the tubes used, the color of the unknown and the source 
of light. To avoid these difficulties the author used 
a lerger amount of methylene blue and compsred the 
unknown with the standard with the colorimeter. 

It was found by experiment that tissue extracts 
must be analyzed immediately in order to obtain con- 


Sistent values. The following table shows titretion of 
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liver extract on successive days. 


Effect of the time element on the methylene blue 


reaction, 

Days e.c. of methylene blue 
is 0.8 

ae 0.9 

ay 1.3 

4. 1.4 


The above effects may be caused by the action of 
bacteria on the substances dissolved in the extract. 
At any rate it is obvious that the longer the ex- 
tract is allowed to stand, the higher its titration 


with methylene blue becomes, 
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Method of analysis of fruit juices for 
vitamin'C, 
I 

The method used was a modified method of Martini 
and is outlined as follows: 

One c.c. Of lemon juice was diluted to twenty-five 
c.c. with eight per cent trichloracetic acid. Vo 
five c.c. of this solution was added two c.c. of 
citrate bécarbonate solution and one c.c. of thio- 
Sulphate solution. Then methylene blue solution 

was added in 0.3 c.c. amounts until the color nearly 
approached the color of the standard after exposure 
fo direct sunlight. Then the two solutions were 
checked with the colorimeter. 

Solutions required. 

I, Citrate bicarbonate solution made up so as to 
contain fifteen per cent of sodium citrate and four 
per cent sodium bicarbonate. 

2. Sodium thiosulphate solution of five per cent. 


3. Methylene blue solution I:I0,000, 


I. Martini & and Bonsignore A., Boll. Soc. Ital.Biol. 
Ssper., 1954, 9. 
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4. The standard is made by adding to 5 c.c. of 
trichloracetic acid 2 ec.c. of citrate bicarbonate 
solution followed by I e.c. of thiosulphate solu- 
tion and then 0.3 c.c. of methylene blue. 
Calculations: 

a blue is titrated against pure 
crystalline vitamin © solution of known per cent, 
and the amount of methykene blue equivalent to a 
standard amount of vitamin © determined. The graph 
below shows the results of titration of methylene 


blue against pure vitamin C. 


Titration of 


methylene blue against crystalline Vitamin C. 
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Analysis of fruits for the presence of 


vitamin C by a modified methylene blue method. 


At the present time lemon juice is the inter- 
national standard for vitamin C assay and as such 
is accepted by the Permenent Commission for Bio- 
logical Standardization. Key and oe a have 
analyzed lemons for the quantitative determination 
of vitamin C. Their results show an ascorbic acid 
value of 1.35 mg. per c.c. of juice. They suggest 
that this rather high value might be due to differ- 
ences in the juice from different lemons. In order to 
investigate the possibility of the variation in the 
stendard the following analyses were carried out 
on hemons from different and the same sources. 
Each sample was made by extracting the juice of 
several lemons, mixing thoroughly and then analyzing. 
The following table shows the results of these 


analyses. 


1. Key and Morgan. Bio. Chem. Jour. 1933. 27. 1030. 
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Lemons. 


Samole } Vitamin C content 


i 50 mg/ee 
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Samples number 8 and 9 seemed to be from lemons 
thet had been stored for some time. They were rather 
soft and a peared to be over ripe. This may account 
for the low vitamin C content. On the other hand, no 
value was obtained which reached the value obtained 
by Key and Morgan. In fact most values of vitamin C 
in hemon juice in the literature do not seem to be 


nearly as grest as those of Key and Morgan. 


1. Key and Morgan, Bio. Chem Jour., 1933, 27, 1030. 
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There are several possible explanations. The time 
of year, the source, the length of time of storege, 
and the variety of lemons, all may be imoortant con- 
ditions which affect the amount of the vitamin pres- 
ent. The method of analysis also probably has an 
important besring on the results. These same tests 
carried out by the biological method do not show 
small individual variations which the chemical meth- 
ods do show. Key and Morgan did not use any chemical 
methods. Purther, an error in the chemical method 
due to the presence of other reducing substances 


than vitamin C cannot have entered into these analyses, 


values. 

However, the conclusion to the work is the same 
as that drewn by Key and Morgan, namely thet the 
vitamin C content of lemon juice may vary, Since there 
is considerable veriation in the vitamin C content 
it seems an obvious objection to the continued use of 
lemon juice as an international standard. Birch, 


1 


I 
ti 
because that would result in higher, rather than lower 
| 
! 
H 
Harris and Ray as well as Xey and Morgan believe | 


that ascorbic acid is a better standard for vitemin C 


than lemon juice. The results of the author also 


1. Bireh, Harris and Ray, Nature, 1933, 131, 273. 
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favor the adoption of pure ascorbic acid as the 


standerd,. 
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Vitamin C in pine needles. 
Ei 
Cartier's experience in 1535 at Quebec with 
scurvy and pine needles seemed to infer the 
presence of vitamin C in the pine needles, although 
not much is known of other factors in the food which al- 
so might have contained vitemin C. In order to settle 
the point of vitamin C content, two kinds of needles, 
samples of northern white pine and herd pine, were 
tested.An extract was made by triturating with tri- 


chloracetic acid and then titrating with methylene 


blue for vitamin C, 


White pine Extract Methylene blue average 
5 eC. Ce 0.6 Cw. Ce 
Hard pine Extract Methylene blue average 


B @sGe Os4 G06 


I, Cartier 
MeCollum, E.V., The Newer knowledge of Nutrition. 


2nd Edition. 1923. MacMillan Co. 
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From this experiment it appears that the cures 


of scurvy may have been due at least in part to 


the administration of the pine needle infusion. 
At any rate Cartier attributed the cure to the 
infusion and the above experiment shows the pres- 


ence of vitamin C in an extract of the needles. 
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Change of Vitamin C Content of Seeds With Germ- 


ination. 


For meny yeers it has been a common belief that 
sprouted seeds would cure scurvy. Among peoples 


such «6s the Chinese who eat sprouted seeds scurvy 


seems scarce. The following experiments were con- 


ducted to test this belief by chemical and biological 
means, Bean seeds were sprouted and tested at inter- 
vals for the vitamin C content. 
Germinated seedlings Ascorbic mg. per 2. 
O hours 2 00 
24 hours sl 
48 hours «20 
72 hours 
110 hours 
134 hours 
10 days 50 
Sterile precautions were used in so far as wes 
possible in order to prevent the destruction of the 
vitamin C content by bacteria and molds. Agar con- 
taining salts was used as a medium for growth. The 
results indicate that germinsetion is associated with 


increase of vitamin C content, the amount increasing 


Limtes $ ius iE i effrceet 
<. 


tnetnos 9 nimsiiv to esaetomt 


. 


the first few days and then remaining constant. Dry 
Seeds when tested for vitamin © showed none, or sat 
best, only a slight trace. These results were check- 
ed by fecding varying amounts of sprouted seeds to 
guinea pigs on an otherwise vitamin C free diet. Pro- 
tection was obtained with one gram of full sprouted 
Seedlings per day. Harris ani Ray have also noted 

an increase of vitemin C during germinsetion in the 


case of veas end oats. 
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Other Tests for Vitamin C. 


1 
According to Salvatori the Bezssonoff test 


with molybdophosphotungstic acid is not only a 

test for vitamin C but also other reducing sub- 

stances such as hydroquinone, metol, and others. 

Furthermore phosphomolybdic acid also reacts with 

vitamin C and other reducing substances in a 

manner similer to the Bezssonoff reegent. However 

A ea one hes used the Bezssonoff reaction in 

ee vitamin C in the urine of guinea pigs. 

Hahn finds the Bezssonoff reaction gives no indication 

of the vitamin content of fruits, fresh and canned 

vegetables, and orange juices when compered to 

results of biological tests. It is worth while 

noting that this reagent is really the well known 

"Folin reagent" applied to the test for vitamin C. 

When boiled with HCL, ascorbic acid gives off CO, 

and loses water. The resultant substance produces 

@ pink color when reected with aniline indiceting 

oe weivereTi. £,, 0,4., 1933, 87, 9. 

2. Mouriquand, G., Weill, L., and Simon, F., 
Compt. remd. soc. biol., 1934, 116, 543-4. 


3. Hahn, F.V., and Wieben, M., Z. Untersuch. Lebensn., 
1952, 63, 481-95 
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the presence of furfural . Phloroglucinal and 
orcinal tests may be employed for the furfural 
reaction. Of course the production of furfural and 
its subsequent analysis from ascorbic acid would not 
be a specific test for vitamin C since pentoses, 
pentosans, hexoses and hexosans also give the same 
reaction but it may be possible that these inter- 
fering substances could be removed and the test 
used es a method of quantitative determination of 
vitamin C, 

eg that a one ver cent solution 
of ascorbic acid made slightly alkaline and ferrous 
sulphate added would produce a dark violet color 
on standing in the air. This color disappears upon 
the addition of sodium thiosulphate solution and 
reappears on shaking in air. The color is due to a 
primary Fe vitamin complex. 


1, Boe, °¢d.8., Seience, 1954, 80, £085, 561. 
2. Szent-Gyorgyi, Z. physiol, 1934, 225, 168. 
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The indophenols and their use in determining 
vitamin C, 

The oxidation reduction systems of the indophenols 
have been introduced and studied at length by Gibbst 
and Cohen®, Tillman® has recommgnded the use of 
dichlorophenolindophenol for the determination of 
vitamin C. Birch, Harris and Ray* have a modified 
method of Tillmans' reduction test for vitamin C 
which is outlined as follows: 

A measured volume of 2-6-dichlorpphenolindophenol 
(6,01M) is placed in a tube and an extract of the 
substance to be tested is added until the disappearance 
of the red color of the dye. The ordinary substance 
used to extract vitamin C from plant or animal tissues 
is trichloracetic acid. This treatment dissolves out 
the vitamin well and precipitates the proteins. Some 
work has been done which indicates possible error in 


this method such as the interference of other reducing 


substances such as glutathione and cystine. Moreover 


it is difficult to be sure that all the vitamin present 


i Gibbs, H. D., Cohen, B. and Cannan, R. K.,Pub. 
Health Rep., U.S.?.H.S., 1925, 40, 649. 
2. Chhen, B., Gibbs, H.D. and Clark, M., A preliminary 
study of the indophenols. U.S.P.H.S., 1924, 39, 804. 
3. Tillmans, J.,Hirsch, P. and Hirsch, W., 
Z. Untersuch. Lebensmittel, 1932, 63,1. 
4. Birch, 7., Harris, L.J., and Ray, S.N.,Biochen. | 
Jour., 1933, 7, 590-594, | 
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in the tissues is removed by the extraction. Guha 
and Ahmad” have shown that trichloracetic acid reacts 
Slowly with 2,6-dichlorophenolindophenol and that the 
lower the concentration of scid the longer it takes 

for the reduction to take place. Boiling the fruits 

in order to extract the vitamin had no effect on the 
vitamin content except in the case of cabbage. Guha also 
found that any treatment with hydrogen sulphide to 
reduce any of the oxidized form of the vitamin may 
produce unknown changes, 

In the 1933-34 Harvey Lectures Clark® has discussed 
in an admirable manner the oxidation reduction systems 
including various indophenols as well as methylene 
blue. The general formula indicating the structure of 


the indophenols is as follows. 


XS 


1. Guha and Gosh, Current Science, 1934, 2, 390. 
2. Ahmad, B., Biochem. Jour., 1935, 29, 275-281. 
3. Clark, M., Pub. Health Rep., U.S.Pe4*5*, 1924, 39, 804, 
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One of the typical dyestuffs representative of this 


class is indophenol blue. 


Indophenol 
blue 


(CHg) oN 
3/2 » 


Thesesubstances are elosely related to diphenyl amine 
as can be seen from the comparison to its formla. 


NH 
Diphenylamine 


The general method for making the indophenols is to 
oxidize a mixture of a p-diamin® and a phenol or by 
the reaction of nitrosodimethylaniline with a phenol. 


These two reactions are reoresented below. 
1. Paraphenylenediamine with phenol, 


HpNCgH,zNHp + CoHpOH + Og —» HN=C,H4=N-CgH4,-0H + Hp0 


Indophenol 


2. Nitrosodimethylaniline with naphthol 
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Indophenol can be written as follows: 


HeN-CgH4-N=CH4m0 86 or 
Hol 0 
Svirbelyt has used dibromophenglindophenol as an 
indicator in the determination of vitamin C. One of 
the commomw substances used by Bessey” and others for 
this purpose is 2,6-dichlorophenolindophenol. This 
dye is prepared as follows: 

2.25 g. of phenol are added to 5 g. of powdered 
2,6-dichloroquinonechloroimid with stirring. The 
solution is maintained at 5 degrees centigrade by 
surrounding the contents with ice outside the container. 
Then 18 c.c. of 3N sodium hydroxide are added, stirred 
30 minutes, foll owed by the addition of 150 c.c. of 
15% sodium chloride solution. This last addition of 
salt precipitates the dye which is filtered off on a 
Buchner funnel. The dye is then redissolved in two 
liters of warm weter and salted out again by the slow 
addition of salt. The product is again filtered , 
dried and then extracted with ether to remove the last 
traces of impurities. 

l. Svirbely, Jol. and Szent-Gydreyi, A., 
Biochem. Jour., 1933, 27, 278. 


2. Bessey, 0. and King, C., Jour. Biol. Chem., 1933, 
103, 678-698, 
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The use of the indophenols in the determining of the 
amount of vitamin © oresent in various substances is 
dependant on its oxidizing power. 2,6-dichlorophenol- 
indophenol is represented as an oxidant by the formla 


2,6-dichlorophenolindophenol 


Cl 


The following formula is the same substanee as a 
reductant: 


Reduced 2,6-dichlorophenolindophenol 


; oy 
Cl 
Ascorbic acid has two available hydrogens so that when 
it reacts with 2,6-dighlorophenolindophenol it gives 


up these two hydrogens and in that way reduces the dye. 


as shown by the equations below: 
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Ascorbic acid 


Sodium salt (blue) 


Reduced salt(colorless) 
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: | The Use of Sodium 2, 6-Dichlorobenzen- 


oneindo -3- Methylohenol as a Reagent for the 


| Quantitative Determination of Vitamin C. 


After experimenting with various reagents for 
determining vitamin C the author used the compound 
sodium 2,6-dichlorobenzenoneindo -3- methylphenol 
with good results, The method is briefly as follows: 

The dye can be dissolved in successive parcuene: 


of warm water, filtered, stoppered in a glass bottle 


and kept cool. Under these conditions the dye keeps 
fairly well. In order to determine the concentration 
of the dye solution it is titrated against fresh 
lemon juice by adding measured amounts of the dye 

to the juice until a permanent pink results. Then 
the lemon juice is titrated with 0.01 N iodine 
solution containing 15 g. of KI per liter until a 
blue color is permanent with starch. The end point 


mey be exceeded and then back titrated with sodium 


thiosulphate solution. The equivalent of the lemon 
> juice can be determined in terms of ascorbic acid 


from the fact that two atoms of iodine react with 


one molecule of the acid according to the following 
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equation: 


CH O.+ 2 I— 2HI+C HO 

6 8 6 6 6 6 
Hence one c.c. of 0.01 N iodine solution is 
equivalent to 0.88 mg. of ascorbic acid. Knowing 
the concentration of the lemon juice in ascorbic 
acid the value of the dye can be calculated easily. 

In order to check the above results the author 

also determined the value of the dye by titrating 
it against pure crystalline ascorbic acid. The 
results checked well with the combination of dye, 


lemon juice and iodine solution as shown by the 


following tables. 


Ascorbic acid in lemon juice determined as 


mg. per C.C. 


Sample Determined by dye Determined by iodine 
l. 0.62 0.63 
Se «62 264 
3. 61 ° 63 
4. «62 x52 
5. 61 60 


6. 262 65 
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The end point when using the dye is very sharp 
and the values obtained are consistent. With lemon 
juice the use of iodine is also satisfactory. The 
Slight advantage of iodine in this case is the fact 
that iodine can be accurately titrated against other 
reagents such as sodium thiosulphate and in dilute 
solution with KI is fairly permanent. The dye on 
the other hand gives very accurate results end is 
much more specific for ascorbic acid. 

When oranges are analyzed however, the same 
consistent results are not obtained. 

Ascorbic acid in orange juice expressed as 


mz. per C.C. 


Sample Determined by dye Determined by iodine 
a Ie 0 45 ~ 65 
Be 245 «To 
Se 2 45 370 
4. 0 43 265 
5. 44 a 
66 2 45 275 


As is evident from examination of results of 


titration of orange juice there must be some substance 


d : vs . 
. . oF - : 
' f : 
ye 
ve 
r Ll ‘ ‘ 
+ ee - 
‘ * "4 . 
; ‘ 
A ; c b 
7ST fe" 
4 - - 
. 


y 


present other than vitamin C which reacts with 


iodine and does not react with the dye. This accounts 


for the high values when determined with iodine and 
may also explain why some investigators have found 
that apparently oranges contain more vitamin C than 
lemons. Sea and we found an average of 
only 0.4 mg. of ascorbic acid per c.c. of lemon 
juice but 0.6 mg. per c.c. for orange juice. 
Knowing that inosite had been isolated from or- 
anges previously, the author decided to investigate 
the possibility of disappearance of iodine in the 
presence of inosite. Accordingly 10 c.c. of 0.01 N 


iodine solution were mixed with 10 e.c. of a 5 % 


solution of inosite. The fading of the iodine solution 


was anvvarent and in six hours when compared colori- 
metrically with a blank of 10 ec.c. of 0.01 N iodine 
with 10 c.c. of water allowed to stand the same 
length of time 50 % of the iodine had disappeared, 
This indicates that one of the interfering substan- 
ces in the titration of ascorbic acid by iodine may 
be inosite, 


i. Bennett, A.H. and Torbert, D.J., Biochem. Jour., 
1933, 27, 1294 


2. Harris, L.J., and Ray, 5.N., Biochem. Jour., 1933 


27, 2016. 
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That the dye can be used for determining the 
presence of ascorbic acid in the urine can be 
shown by adding known amounts of the vitamin to 
urine and then recovering by titration with the dye. 


Recovery of ascorbic acid from urine. 


Samole Ascorbic added Ascorbie acid deter- 
to urine mined by the dye 

l. 0.50 0.50 

Ze 0.30 0.30 

3. 0.10 | 0.12 

4, 1.00 1,01 


The method in this case is slightly modified 
because of the effect of the color of the urine on 
the end point as follows: 

One half ec.c. of eo is added to 5 c.c. of 
urine in a tube as a blank. Then 5 c.c. of the urine 
to be tested is placed in a tube of the same size 
and titrated with the dye. The end point is taken 
when both tubes match and the color is permanent. 

Of course allowance is made for the amount of dye 


added to the blank, 
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There are several vossible reducing substances 
other than vitamin C which occur in natural systems 
such as cysteine, pyrogallol, tannin, tannic acid 
resorcinel, glucose, glucic acid and heated glucose 
or other sugars in the presence of gh ol base. 
Harris and Aa ae, Johnson and Zilva, in their 
analysis of vitamin C in urine by the use of indo- 
phenol methods conclude that it is safe to assume 
there is not other reducing substance in the urine 
which would give a false test for vitamin C. The 
author has tested sodium 2, 6-dichlorobenzenoneindo- 
S-methylphenol with cysteine, pyrogallol, tannin, 
tannic acid, resorcinel, glucose, glucic acid, heated 
alkaline glucose, sucrose and lactose in the presence 
of acetic acid as well as trichloracetic acid. 
Glutathione was not experimented with by the euthor 
because it was not available in a pure state. It seems 
sefe to rule this substance out however, since it has 
been discarded as a vossible interfering substance 
by other iheaieaenee 
1. Herrisd., Ray, S.N.., Biochem. Jour.,, 1933, 27, 2011-15. 
2. Hess, A.F., Proc. Soe.Bxp. Biol. and Med., 1934, 31, 7, 

855-860, 


3. Johnson and Zilva, 5.S., Biochem, Jour. 1934, 28, 
1393-1408. 
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The other possible reducing substences when test- 
ed egeinst the dye show very slight effect under the 
conditions of the test. The greatest possible error 
(1-2%) occurs in the use of cysteine, and heated 
alkaline sucrose, or glucose. Since the test is carried 
out in acid medium however, various sugars have little 
if any, effect.Hot acetic acid will cause a very 
Slight fading of the dye in one hour, Trichloracetic 
acid will cause a fading in @ shorter time. In low 
concentretions of vitemin C the error in its determination 
is rather large, but when the concentration is 
anproximately 0.5 mg. ver gram of substance the determin- 
ation is accurete. AS compared to other methods the 
indophenol method seems the best. It is much quicker 
and more accurate than the biologicsl methods provided 
due consideration be given to the possibility of 
interfering substances. The silver nitrate method as 
well as the iodine and the Bezssonoff reagent have 
been shown to be non-specific, although they can be 
used with precaution. Methylene blue under the conditions 
of the test is fairly specific but it is not as rapid 
or convenient as the indophenol methods. 

Of the indophenol methods in use today the one 


introduced by the author (sodium 2,6-dichlorobenzenoneindo 
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-phenol)is the most repid, simple and inexpensive. 
The dye is readily obtsineble on the market at a cost 

of about one dollar per gram.Other indophenols are 

difficult to obtain, thereby necessitating the extra 

trouble of their synthesis, As Dr. W.C. Boyd sugzests 

more work might be done with other dyes in the anslysis 

of vitamin C, Knowing the oxidation reduction potential 

of a given dye it should be possible to predict its 

probable reection with ascorbic ecid,and by experimenting | 


with numerous dyes finally to arrive at one even more 


specific than the ones already tried. 
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Hess concludes that vitamin © does not appear 


in humen urine under ordinary nutritional conditions 
and the author has confirmed this. Children excreted 
vitamin C onhy when an excess was given (one pint 
of orange juice per day.) Furthermore the vitamin 
C contént of the urine dropped immediately upon 
the removal of orange juice from the diet. Excretion 
of vitamin C seems to occur only after the body 
stores have become saturated. In the urine of guinea 
pigs, rabbits, and rats the vitamin was found to be 
excreted in very low quantities and could be raised 
only by injection of the vitamin, Also, no difference 
was noted in the urinary excretion of vitamin C 
between animals which require the vitamin in the 
diet and those that do not require it. 

Harris and ae found the excretion of vitamin 
C in human urine to be dependent on the dietary 
intake and that the major portion of the vitamin 
was excreted in three hours, These results are con- 
firmed by Johnson and Zilva. 
1, Hees, A.F., and Benjamin, H.R,, Proe. Soe. Reps 

Biol. and Med., 1934, 31, 7, 855-860. 
2, Harris, J., Ray, S.N., and Ward, A., Biochem. 
Jour, , 49534027, 2011-15. 


3. Johnson, S.W., and Zilva, S.S., Biochem. Jour. 
1934, 28, 1383-1408. 
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Preparation of Ascorbic Acid from Peopers,. 


The ordinary red pepper forms a convenient 
source of ascorbic acid. The juice from the red 
fruit contains on the average about 2 2g. per liter 
as determined by titration with iodine and phenol- 
indophenol. The green fruit contains less bgt this 
amount increases as the fruit changes color and 
ripens. In the New England market peppers are 
generally sold when green because the house-wife 
generally believes the green peppers to be sweet, 
and the red ones strong. This strange belief 
worked out to great advantage to the author as he 
was able to obtain red peppers at a very low cost. 

Banga and Sela ote eee worked out a 


method for the vroduction of ascorbie acid from 


pepvers on a large scale which is briefly as follows: 


22 kg. of acid lead acetate are added to every 


450 liters of the pulp of red pepper fruit. The pulp 
is pressed and then one half a liter of lead acetate 


solution (100%) added to every ten liters of juice. 


1. Banga, I., and Szent-Gyorgyi, Biochem. Jour., 
1954, 28, 1625 - 1628, 
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fhen ammonium hydroxide is added until faint alkaline 


reaction with phenolphthalein. This results in the 


precipitation of the vitamin. The vorecipitate is separated 
with the centrifuge, and hydrochloric acid added until 

the solution just begins to redden thymol blue. The 

lead chioride formed is separated and the solution 


remaining concentrated under reduced pressure. This 


concentrated fluid, containing about 10 % ascorbic 


acid is extracted with acetone several times, and the 
combined extract further concentrated under reduced 


pressure until a thick syrup results. The syrup is 


extracted with dry acetone, the resulting extract 
containing 30-40% of vitamin. An oily residue remain- 
ing is dissolved with ethyl alcohol and again precipi- 
tated with acetone. This process is reveated and the 
acetone extracts combined and concentrated in a vacuum 
Then 1 ¢c.c. of n-butyl alcohol is added for every 

gram of vitamin present and the acetone distilled off, 


The vitamin is crystallized out from the n-butyl 


alcohol solution on cooling, 
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Waugh, Bessey and King have isolated vitamin 


C from lemon juice by precipitation of vitamin © 
with a lead salt followed by the decomposition of 
the salt with H Cl. The lead is then centrifuged 

and separated and the vitamin obtained after several 
recrystallizations from various solvents. 

Baumann and Pe cee recommend iris leaves (Iris 
germanica) as a satisfactory material from which 
vitamin C may be obtained. The advantage of this 
substance seems to be that it contains fewer sub- 
stances which would interfere with the separation of 
vitamin C, and that the vitamin is present in rela- 
tively large amounts, (600 mg/100 g. of fresh leaf in 
early spring). Baumann also found that the skunk 
cabbage leaves (Symplocarpus foetidus) contain 1 
to 2 mg. of ascorbic scid per gram of leaves. 

1. Waugh, W.A., Bessey, 0.4., and King, C.G., P¥oc. 
soc. Exp. Biol, and Med., 1933, 30, 1281. 


2. Baumann, E.J., and Metzger, N., Proc. Soe. Exptl. 
Biol. and Med., 1933, 30, 1268-72. 
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Preperstion of ascorbic acid from red peppers 


on a small scale. 


Sometimes small amounts of pure ascorbic acid are 
desirable for the purpose of checking standards, etc. 
For this reason the author has modified the large 
Scale method of Banga and Sgent-Gyorgyi to meet a 
small scale demand as follows: 

The fruit of rive red venpers freed from the core 
was ground up and 50 g. of acid lead acetate in solu- 
tion added for each liter of pulp. The acid lead 
acetate solution is made by dissolving 50 g. of 
lead acetate in 25 c.c. of warm water and adding 
0.4 c.c. of 85% formic acid. The mixture is pressed 
out and to each liter of juice is added 50 c.c. of warm 
100% solution of lead acetate. Then ammonium hydrox- 
ide is aided until the solution is just alkaline 
with phenolphthalein. This precipitate, containing 
about one half of the vitamin originally present in 
the pepper, is centrifuged and then treated with 
concentrated hydrochloric acid until the liquid 
just reddens thymol blue. The lead is precipitated 


es lead chloride, separated and washed, 
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The fluids containing the vitamin are now 
concentrated to a syrup at a reduced pressure. Car- 
bon dioxide was admitted to the fluid by means of 
a capillary tube. It is necessare throughout the 
process to avoid copper contact. 

This syrup (containing 10% vitamin) is extrect- 
ed with acetone several times and the extracts com- 
bined and concentrated on the water bath under 
reduced pressure to a thick syrup containing 25% 
vitamin, Again extraction with acetone is used and 
the oily residue extracted with ethyl alcohol. 

The alcohol is distilled off and the residue ex- 
tracted with acetone. Then the combined extracts 
of acetone are further reduced and for each gram 
of vitamin present one c.c. of n-butyl alcohol is 
added. The solution is then cooled and allowed to 
stand in the refrigerator for several days which 
causes crystallization of the vitamin. The yield 
was six percent of the vitamin present in the first 
lead precipitate. This yield might be increesed 
by more extrections and carrying over of some of 
the last extracts of one batch to those of the 


next batch. 
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Methods of reerystallization of vitemin C. 


The crude substance is dissolved in methyl alcohol 
and water free ether added. A precipitate settles 
out which can be extracted with acetone and the above 
process repeated. Then petroleum ether is added and 
the vitamin crystallizes out in the cold. Many varia- 
tions of recrystesllization were tried. One good 
method was an ethyl] alcohol acetone mixture follow- 
ed by ether. After several crystallizations a very 
pure product resulted with a melging point of 189- 
189,5°9C, The melt ng point was sharp. The synthetie 
product of ae, melted at 190°C. Some samples 
of recrystallized vitamin C are shown on the follow- 


ing plates. 


1. Haworth., Jour. Chem. Soc., 1933, 332, 1422. 
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Melting Point Determinations of Vitamin C 


and Similar Substances. 


Substance Determined by Melting point 
I 

I, Vitamin © Bezssonoff T820C 

2. l-ascorbic acid oe 186 - 9 

3. d-ascorbiec acid Reichstein 187 = 189 

4, vitamincC ae, 180 - 182° 

5. vitamin C eer I75 - 189 

6. vitamin C Vaugh, ee” 183 - I85 

7. vitamin C Alley, 0.5. 189. 5 

8. l-ascorbic acid Ault and eae I90 


9. d-ascorbic acid Ault and others 190 


I. Bezssonoff, M.N.,Bulletin Soc. Chim. Biol. 
1934. 16, IIO7. 

2. RKeichstein, T., Grussner. A., and Oppenauer, R. 
Helv. Chem. Acta. 1933, 16. 

3. Vedder, E.B. Military Surgeon. ‘932. 7I, 502, SI. 

4. Szent-gyorgi. Biochem. Jour. 1928. 22, 1837. 

5. Waugh, 4.4. and King, C.B. Jour, Biol. Chem. 1932 

97, 325 
6. Ault, R.G., and others. Jour. Chem. Soc. 1933, 352, 


1422. 
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The association of inereese of vitamin C with 


the ripening of fruit. 


It was found by titration with phenolindo- 
phenol that the concentration of ascorbic acid 
increesed on change of color of the peoper from 
green to yellow, brown or red. The amount then 
decreased. The exveriment showing this was carried 
out as follows: 

Twelve wate were placed in the sun and each 
day one was selected and analyzed for the vitamin 
content. As time went on the color change was from 
green to red. On the third day only one pepper con- 
tained any red color, so this one was selected for 
analysis. By the end of the eighth day all the 
peppers remaining were entirely red. 

oy and others found that the ripening fruit 
was not associated with an increase of vitamin C 
content. This is in oats opposition to the find- 
ings of the author. Bana” however, found the increese 
of vitamin content to be associated with ripening, 
1. Zilva, 5., and Grant, Biochem. Jour., 1932, 26, 1628. 


2. Banga, I., and Szent-Gyorgyi, A., Biochem. Jour., 
19354, 28, 1625. 
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The following table shows the results of the 
author in determining the effect of ripening on 


the vitamin C content. 


Color of pepper Time in days Ascorbie acid 
mg. per ¢.c. 

Green az 0.7 

Green 2 Q.7 

Green and red 3 0.9 

Green and red 4 0.9 

Green and yellow 5 Ped 

Brown 6 1.5 

Red 7 1.5 

Red 8 1.4 

Red 9 1.4 

RED 10 1.3 

Red ie 1.0 

Red 12 doul 


Experiment showing non-toxic effects of 


pure crystalline ascorbic acid, 


In order to determine the effect of a large daily 
dose of ascorbic acid, two guinea pigs were fed 0.1 g 
of pure ascorbic acid per day. At the end of a week 
the pigs eppeared normal in every respect. Their fur 
was sleek, they eppeared normally active, and showed 
no signs of respiratory infections or diarrhea. They 
also showed normal weight gains. At the end of two 
weeks the pigs were killed and the internal organs 
examined. The kidneys were normal in appearance and 
size. No signs of constipation or diarrhea could be 
detected in the alimentary canal. The lungs showed 
no signs of congestion. Other orgens such as the 
liver end adrenals appeared normal macroscopically. 
It is evident from this exoeriment thet ascorbic 
acid is not esvecially tomzic to the guinee pig, at 


least in amounts meny times the normal daily re- 


quirement. 
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Rat Experiments. 


The purpose of the experiments on rats was to 
investigate at some length the effect of a vitamin 
C free diet on an animal which up to now has never 
shown symptoms resembling scurvy. 

They were placed on a diet which produced scurvy 
rapidly in the guinea pig, and kept on this diet 
over e period of generations. Hach successive gener- 
ation was also Kept on the diet. 

Several methods were used to determine the 
effects of this vitamin C free diet on the ret. At 
intervals sample rats were killed by ether or chlo- 
roform and examined by microscopic and macroscopic 
methods. The organs and glands were examined by 
chemicel methods (silver nitrate titration, methyl- 
ene blue and Tillmans' analysis) and sections of 
the teeth and bones were examined under the micro- 
scope. These methods with results of the methods 


will be discussed later in this paper. 
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The above photograoh is one of a rat from the 
fourth generstion of rats which had been fed on 


a vitamin C free diet. That is, this rat as well 


as its ancestors had received no vitamin C. The 


age of the rat is fourteen months. It is normal 
in size and aoparently in a perfect state of health 
although the fur is not quite as sleek as it would 
be in a younger rat. 

This rat and samples from each generation were 
killed by chloroform and the adrenals, heart, kidney, 


liver, ovaries or testes, and muscle were analyzed 
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for vitamin C content. This analysis was checked 


from time to time with normal rats. 


few of the analyses are shown below, 


C.Ce. 


blue 


c.c. Of methylene 


blue per gram. 
é4drenals 


i, 
ge 
3. 
4. 
5. 
6. 


of methylene 
per gram 


Adrenals 


2.1 
2.0 
2.2 
2.2 
2.1 
2.4 


Rats fed on vitamin © 


I.0 
> 
0 
07 
at 
8 


Heart 


24 
04 
24 
4 
04 
04 


Heart 


04 
4 
4 
24 
04 


Normel rats. 


Kidney 


26 
.8 
6 
6 
7 
26 


Kidney 


6 
8 
8 
8 
Po 


Liver Muscle 


I.2 
I.5 
8 
ae 
I.4 
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Results of a 


02 
of 
08 


free diet. 
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Some very interesting points may be observed 
from the preceding results. First, the adrenals 
contain the largest amount of vitamin © of any of 
the organs examined. Furthermore, the amount dimin- 
ishes on @ vitamin C deficient diet. The vitamin 
C content of the heart is small but remains con- 
stant. Diet seems to have no effect whatever on the 
C content of this organ. The kidney maintains a 
fairly constant amount, but the liver definitely 
drops in the vitamin C content. The amount of the 
vitamin in muscle is very small. While the average 
would seem to be slightly less from the figures, 
the accuracy and limits of the analysis probably 
do not warrant such an assumption. Microscopic 
examination of the teeth did not indicate scurvy. 
Also from time to time other methods were used as 
a check with fairly consistent results with the 
exception of the silver nitrate titration, This 
last method is not delicate enough to be of value 
in these experiments on rats. 

The unfavoreble action of carbohydrate in the diet 
towards the production of scurvy hes been previously 


noted in this paper. 
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In this connection the author has been interested 

in observing the effect of a high carbohydrate diet 
on rats. In all the animals used, whether they died 
or were killed intentionally, no evidence of scurvy 
could be observed. A heavy deposit of fat was found 
in the older animals, which would be expected as a 
result of the excess carbohydrate intake. In addition 
to the high carbohydrate content the diet also lacked 
vitamin C, but in spite of these two factors, scurvy 
did not appear. 

Tt is interesting to note that these results 
differ from those of asginer who worked with the 
guinea pig. Zis work showed that the scurvy symp- 
toms on a vitemin C free diet were most marked when 
the carbohydrate intake was high. | 

The results of the suthor, however, do confirm 
in general the work of sehreety? on the vitamin C 


content of the organs of the rat. 


1. Simola, P.B., Acta. Soc. Med. Fennicée, 1932, 
Oe P: 

ee wvrrpely, 4,4., Biochem. dour. , 1935, 27, 3 
960. 
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Silver Nitrate Reaction. 


Alkaline silver nitrate is reduced by many 
substances such as glucose, fructose, and phenols. 
In an :cid medium, however, these subdstances do not 
reduce silver nitrate eaeaiee and neither will 
fannin, cysteine, glutathione or creatinine at 


least in vitro. 
Rat Experiments Using the Silver Nitrate Method. 


In order to determine the effect of a vitamin 
C free diet on the vitamin © content of the adrenals 
of the rat, six rats were placed on a diet of boiled 
milk and bread which developed scurvy in guinea 
pigs, but was complete in other resvects. After 
being on this diet for eight months these rats were 
killed, and the adrenal glands analyzed for vitamin 
C as follows: 

Each rat was killed separately and the adrenal 
glands immediately dissected out, weighed and 
placed in a 0.4% solution of silver nitrate at a 


PH of six. The glands were then placed in the dark 
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and examined every minute for the appeerance of 


reduced silver. The adrenals of rats that had 
been fed @ normal diet conteining vitamin C were 


examined in the same way. 
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The results are tabulated as follows: 


Rat fed on a diet Time for intense darkening 


free of vitamin C, of adrenals. 


minutes 
minutes 
minutes 
minutes 
minutes 


minutes 


Normal rat. Time required for intense 


darkening of the adrenals, 


minutes 
minutes 
minutes 
minutes 
minutes 


minutes. 
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It is obvious from the tables that the adrenals 
of a rat which is fed on a vitamin C deficient diet 
do not show loss of vitamin C when compared to the 
adrenals of the ret fed on a normal diet. These 
results of course were dependent on the accuracy of 
the silver nitrate method of analysis. 

Similar experiments were carried out on the guinea 
pig. Six pigs were placed on a diet of boiled pasteur- 
ized milk and bread. Others were fed a normal diet 
with lettuce or orenge juice added to insure suffic- 


ient vitamin C. The eanimels were killed at the end 


of three weeks and the adrenals dissected out,placed 


in silver nitrate solution for five minutes, then 

washed with distilled water, and then with sodium 

thiosulphate solution. The results are tabulated 
below. 

Normal pig j Reduction. 
minutes Heavy 
minutes Heavy 
minutes Heavy 
minutes Heavy 
minutes Heavy 


minutes Heavy 
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Discussion of results. 
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Reduction 
Slight 
Slight 
Slight 
Slight 

Ey 
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The rat, however, when fed on the same diet 


which produces scurvy rapidly in the guinea pig, 


does not show an avvreciable loss of vitamin C 


from the adrenals, Furthermore, this same condition 


prevails in the rat even after years on a vitamin C 


deficient diet. 


Discussion of the advantages and disadvantages of 


the chemical methods for the analysis of vitamin C 


as compsred to the biological methods, 


To one who has spent weeks carrying out a bio- 


logical assay, the saving of time and labor in the 


purely chemical method is obvious. For example, in 


the biological assay of a food for vitamin C it is 
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customary to feed grounos of animals varying amounts 
of the food and to observe the development of scurvy. 
This »orocedure involves the expense and time of 
raising suitable laboratory enimals in order to have 
them at the right age and weight for the analysis. 
Then the period of feeding them the food in question 
may involve weeks, at the end of which time the animal 
is killed, and examined for evidences of scurvy. | 
Further, in the tooth structure method the prepara- 
tion of the tooth mey require days or even weeks of 
work before it is ready for microscopic examination. 
The chemical. methods as used and developed by the 
author cen be carried out in a matter of hours, or 
at the most, a few days. 

As regsrds specificity, a positive production 
of definite tooth structures cherecteristic of 
scurvy is evidence of the strongest nature. Absence 
of the tynvical tooth conditions may not necessarily 
indicate absence of scurvy, at leest in the elemen- 
tary steges. Rib defects may occur before tooth 
defects. Pure chemical methods mey not be absolutely 
specific and quantitative for vitamin C, but if not, 
they may be empiriel and hence of great value. It 
is desireble to check one method with the other from 


time to time. 
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Experiments on Teeth. 


. 
Durand noticed that the percentage of caries 


in chiliren that were breast fed was much less 

than in those fed on condensed milk. He attributed 
this condition especially to the diet which was too 
rich in carbohydrate. The defects were probably 


vitamin C lack 


Ps 
being among them. Zilve and Wells have observed 


due to Sseyeral dietary factors, 
a degeneration of the tooth pulp in guinea pigs 
and monkeys on a vitamin C free diet. More recently 
Hojer has developed more fully the technique of the 
scorbutic tooth. Since the condition of the tooth 
is one of the first evidences of pathological 
change to anpear in scurvy the author felt that 
this could be used as a method of detecting possible 
scurvy in the ret. The following plates show res- 
pectively a normal rat tooth and a tooth from a 
guinea pig with scurvy. 
1. Durand, J.IJ., d.A.M.A., 1916, 67, 564. 
2. Zilva, 5.5., and Wells, Psa; Proe. R. Soe., 1919, 

90, 505. 


3. Pierson, E.M., Ann. Rep. S. Dakota Agri. Expl. 
Sta., 1933, June 30. 
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Plate 4 
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Plate 5 


Discussion of Plates. 


Plate number four is a normal tooth although 


it is from a rat of the fourth generation which 

had been on a vitamin C free diet. It shows normal 
dentine and Tome's canals. The odontoblasts are 

long and parallel. There is no sign of inner dentine 


and the Tome's canals cross the dentine from the 


odontoblasts although the two have been slightly 

separated mechanically in the process of sectioning. 
The guinea pig tooth, however, plate number five, 

shows rather completely disorganized odontoblasts, 


The inner dentine is irregular and projects out into 


the pulp. 
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Experiments on doubly suprarenalectomized rats. 


The previous analysis showing the high vitamin 
C content of the adrenals suggested further experi- 
ments to determine the effect of removing the 
adrenal glands from the rat. This was done and the 
following analyses made: 

Doubly petcteuslecteni ued rats on a vitamin C 
deficient diet. 
cece. Of methylene 
blue per gram. 


Heart Kidney Liver Muscle 


1. 04 8 26 of 
Le 03 27 25 of 
36 24 8 »6 20 
4. 04 8 25 0 
5. 24 09 8 rae) 
6. 24 9 04 08 


By comparison of this table with the other 
tables it appears that the animal is being de- 
pleted in vitamin C in about the same manner as 


the normal rat. Strengely enough the kidney 
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maintains a comparatively high amount of vitamin C 
in the doubly suprarenalectomized animal while the 
| muscle and liver contents are slightiy less than 


in the normal rat, 


Note: 


Wyman and Caroline tum Suden for help and advice 
in these experiments, especially in the preparation 


The author is greatly indebted Drs, Leland C. 
of the animals. 
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The possibility of the function of the supra- 
renals as a storage of vitamin C seems to be doubtful | 
beceuse of the extremely small amount present com- 
vared to the amounts of vitamin A present in the liver. 
Harris suggests that the localized concentration of 
vitamin C in the supraerenals can be considered as 
necessary for the protection of the normal functional 
activities of thet orgen. 

The doubly suprarenalectomized rats ought to 
develop scurvy if the suprarenals alone synthesize 
vitamin C. In all the ret experiments so far observed, 
no evidence of seurvy has appeared. This negative 
evidence may still be accounted for by the possibility 
of failure to remove every trace of suprarenal tissue, 
end also by the rerceneration of new tissue after operation. 
At autopsy several previously doubly suprerenalecto- 
mized animels did wan such tissue. 

Vars and Pfiffner found no evidence that the 


adrenal of the dog was cone erned with either the syn- 


thesis or metabolism of vitamin C. Hartmann and Lock- 
3 

wood, however, found that cortin was beneficial in 

delaying the onset of scurvy in the guinea pig. 


1. Harris, ILeJ., and Ray, S5S.N., Biochem, Jour., 1933, 
27, 2006. 
Biochem. Jour. 1932, 27, 2016. 

2.Vars, H.M., and Pfiffner, J.J. Proce. Soc. Exper. Biol. 
Med. 1934, 31, 7,. 839 fH 
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Some Modifications in Animal Photography. 


In order to photograph a dead animal all that is 
necessary is proper focus send length of exposure 
when using an ordinary camera, But to photograph a 
live moving animal is more difficult. To begin with, 
since the animal mey move, a snap shot must be taken. 
This means that the light must be good. Ijght in the 
laboratory is unsuitable and generally it is not 
convenient to take the animal out of doors. This 
necessitates some artificial source. 

After experimenting with various methods the author 
found the flash method to be simple and effective. 
The flash powder is meade up of a mixture of potassium 
chlorate and powdered magnesium. This mixture was 
ignited by means of a spark coil. 

A photograph of the apparatus is shown below to- 


gether with a diagram of the circuit necessary. 


irs 


Plate 6 


Photograph of apparatus for flash powder ignition. 


Diagram of circuit for flash powder ignition. 


- Ford spark coil 
- Primary circuit 
Secondary coil 


- Attached terminals 


i: wm td ©2 
1 


- Dry cells 


- 
. 
’ 
: 
: 
] 
: 
: 
; 


a eteld 


desit tot estarsaqs to des tsctodi 


Be 
fLioo xxrsge bro® 
tigorvio yYramit? 
fics yYIshaooes 
aelfsnimiret becostté 


effeo yx 


120 


A flash bulb of course could be used. It gensrally 
works, gives good light, but is rather expensive 
beceuse each bulb is good for only one exposure, and 
if many photographs are to be taken the total cost 
of all the bulbs used will be considerable. Most of 
the photographs occurring throughout this paper were 
taken by the induction coil method and while the 
author does not claim to be an expert photographer, 
the results seem fairly good. [It may be added that 
in all the photographs taken no other s»ecial 
photographic aoperatus was used. Even the micro- 
photograohs were taken with an ordinary Kodak cam- 


era through a microscope, 
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The effect of vitamin C on the teeth in man. 


It should be mentioned at the outset that several 
vitamins, salts, foods, bacteria and acid conditions 
of the mouth may all have an important bearing on 
the proper growth and maintenance of the teeth. With 
the exception of vitamin C the various factors are 
well known and need no further discussion at this 


voint. 


2 
Ballantyne found that all but two percent of 


pregnant women show carious teeth. This might easily 
be expected because of the greet increase in the 
requirements of the above mentioned factors during 
pregnancy. A common o1d saying is "for each child a 
tooth" and in the days when large families were the 
rule rather than the exception, the mother of fourteen 
children would feel that conditions were normal if 
She had lost fourteen teeth, during the period of 
child bearing. 

These beliefs no longer hold true today. The 


author has observed several cases which seem to 


1. Ballantyne, Brit. Med. Jour., 1919. 
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show that the occurrence of céries and the loss 
of teeth may not increase during pregnancy. 
Observations on the condition of teeth during 
pregnancy. 
Averezge number of fillings before pregnency 6. 
Average number of fillings during pregnancy 6. 
Average number of fillings after pregnancy 5e 
The above cases were taken from the records of 
Dr. E.S. Godfrey and represent the averezge fillings 
Over & period of twelve months. With the further 
assistance of Dr. Godfrey, another interesting point 
has been observed, namely the progress of white spots 
on the teeth. In the course of time these spots be- 
come cavities. Furthermore these spots may disappear 
following the administration of vitamin C providing 
they have not progressed too far. In other cases 
the spots may not disaopear under vitamin C treat- 
ment but the development of these spots ceases. 
hie hes described the waite spots on the teeth 
(not so called mottled enamel). The «reas ere at first 
quite hard and cannot be penetrated with a probe. 


That these ereas ere not deposits on the teeth can be 


l. Hanke, M1. » dour. Nutrition,» (1930, 3, 433-4561. 
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shown by the absence of a positive stain when treated 
with a 2% solution of bismark brown in 25% alcohol. 
As time goes on these areas mey beéome soft so that 
they can be penetrated with a probe and dental caries 
result. Most investigstors agree that the chenge is 
one involving the cementing substéence between the 
rods. This chénge is generally thought to be due to 
the dissolving of the cementing substance by aciis 
derived from the action of bacteria on food. 

The <gey eiee of Sherman Davis, Milton Hanke 
and others ; Show thet dental caries can be arrested 


5 
if the petient will eat the proper food. Miller and 
6 


Heitzgmann concluded that inflammation was the main 
cause of decay of the teeth. While the idea of bac- 
terial decay is rather old, it receives support in 
the work of eid who believes that the action of 


Bacillus acidophilus results directly in dental caries. 


| 1, Davis, S:, Jour: Amer. Dent.Assoe., 17, 335. 

2. Hanke, H.T., Jour. Nutrition, 1950. 3, 433-451. 

3. Boyd, J.D., Drain, €.L., and Nelson, M., Amer, 
fous, Bie. Childs. 38, ° 721. 

4, Wilson, L.A., The Dental Digest, 54, 689, 702. 

5. Miller, W.D., Micro-organisms of the human mouth, 
"1890; : 

6. Heitzmann énd Boedecker, Indep. Pract., 1886, 120. 

| 7. Bunting, R.W., Hadley, Palmerlee, F., Jay, P., 

Hard, D.G., The problem of dental caries, Amer. 

| 

} 
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sour. Dis, Gaia... 40, 35, 536. 
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He did find however, that the bacteria were regulat- 
ed by the diet, but that antiseptics used in the 
mouth, such es hexylresorcinel, had no apparent vir- 
tue. These experiments were conducted on large groups 
of School children, and the final observation seems 
fo be that a diet conteining an ample amount of 

fresh fruits, vegetables, and milk, but somewhat 
restricted in carbohydrates, is best for the proper 


growth snd meintenance of the teeth. 
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Summarye 


The history of scurvy and vitamin C has been 
braced briegtily from 2697 B.C. to 1935 A.D. PHe 
isolation of vitamin C by Szent-Gyorgyi in 1928 
and the synthesis later by Haworth end others has 
been noted. 

New chemical methods for the enalysis of vitamin 
C have been investigated. In one case, that of 
methylene blue, a modification has been offered 
which mekes that method usable for micro-analysis. 

A new method of analysis of vitamin © by use of 
Sodium 2, 6-dichlorobenzenoneindo-3-methylphenol 

has been presented. These methods have been applied 
to plant and animal tissues. 4n important conclusion 
to the plent experiments is that the vitamin © con- 
tent of lemons varies considerably, contrary to the 
claims of Bennett and Harris, thereby making its use 
as a stendard undesireble. On the other hand, pure 
crystalline vitamin ©, prepared by the method of 
Banga, wes shown to be constant. 


The ret has been studied at some length, both in 


4 


a normal state, and under a vitamin C deficient diet. 


These experiments have been carried through several 
years and generations of rats. Since the results 
show that the vitamin C is present in the rat after 
four generations and that the amount varies some- 
what, then the rat must be able to synthesize this 
vitamin. It has also been shown that the liver and 
adrenals lose vitamin C more rapidly than other 
organs do in the rat. Further the doubly suprarenal- 
ectomized rat seems to react to a vitamin C free 
diet about the same way that a normal rat reacts. 
The liver loses vitamin © while other organs exam- 
ined maintained the vitamin level. The kidney in 
the doubly suprarenalectomized rats maintains the 
vitamin content slightly better than the normal rat 


although the difference is slight. 


Biological methods have been compered to chemical 


methods, the advantages becoming greater with the 
chemical methods, although it is still well to check 
occasionally with a biological method. 

The effect of vitamin C on the teeth of certain 


animals points strongly to possible effects in the 


teeth of man and some evidence is presented to support 


this point of view. 
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